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issue, and 20 White cards available on any week-day up to the same date. For 
20 Green tickets, however, they may receive a book of dated Sunday orders, each 
admitting two persons, but valid only for the actuol days printed on them, and in 
exchange for twenty White tickets, a similar book of week-day orders, each valid 
only for the week printed on it. Special childron’s tickets aro no longer issued, as 
the Green and White cards are perforated, and each half is valid for a Child under 
twelve years of age. Additional Sunday tickets cannot be purchased or acquired. 
It is particularly requested that Fellows will iiffn every ticket before it goes out of 
their possession. Unsigned tickets are not available. 

Fellows are not allowed to pass in friends on their written order or on 
presentation of their visiting cards. 

Aquabium. — Fellows have free personal admission to the Aquarium at all times 
when it is open. On Sundays, but not on 'week-days, they may introduce two 
visitors with them. These j)rivileges are i)or8onal and cannot be transfened. The 
undated Green cards will give admission to the Aquarium to Visitors already in the 
Gardens, but two tickets will be needed for admission to Gardens and Aquarium. At 
the Btinie lime Fellows are reminded that whereas Aquarium tickets may be purchased 
it is not possible to obtain additional Sunday tickets giving Admission to the Gardens. 
For admission to the Aquarium of other friends whom they have admitted to the 
Gardens by Sunday tickets they may purchase from the Office hooks of 20 tickets for 
.£l,ora smaller iiumhcr at the same rate, each ticket admitting one adult or two 
childien on Sundays or week-days. Fellows may also purchase a transferable 
Aquabium Ivoky Ticket, for iJlO, valid for the whole duration of the Fellowship 
and admitting daily, on Sundays or week-days, two persons wlio have already gained 
admission to the Gardens. 

Fellows have the privilege of receiving the Society’s ordinaiy Ihiblications issued 
iuring the year upon payment of the additional Subscription of One Guinea. This 
Subscription is due upon the 1st of January, and must i»c paid before the day of the 
Anniversary Meeting, after which the })rivilcge la])Res. Fellows are likewise 
entitled to purchase these Publications at ](i§ (2c/. in l/-)pev cent, less than the 
price charged to the ])uhlic. A further reduction nt 26 per cent, is also made upon 
all purchases of Publications issued prior to 1883, if above the value of Five Pounds. 

Fellows also have the privilege of su3>scribing to the Annua] Volume of 
The Zoological Record,’ w'hich gives a list of the Works and Publications relating 
to Zoology in each year, for the sum of Two Pounds Ton Shillings. Separate 
divisions of volumes 39 onwards can also he supplied. Full particulars of these 
publications can be had on application to the Secretary. 
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FvtLowt may obUin a TaAMSFXiUBLJs Irour Ticket admitting two lieraotia, 
available throughout the whole period of Fellowahip, on payment of Ten Founda in 
one Bum. A second aimilar ticket may be obtained on payment of a farther sum of 
Twenty Founda. 

Any Fki.low who intends to be absent from tiie United Kingdom during the space 
of at least one year, may, upon giving to the Secretary notice in wriihxg^ have his 
or her name placed upn tiie “ dormant list,” and will then be called upon to pay 
an annual subsoription of j£l only during such absenoe, or in the event of returning 
to the United Kingdom before June 30th in any year to pay the balance of the 
ordinary subBcription. After three years a Dormant Fellow must make a further 
application to be retained on that list. 

Any Fbllow, having paid all fees due to the Society, is at libert} to withdraw liis 
or her name upon giving notice in wHiing to the Secretary. 

Ladies or Gentlemen wishing to become Fellows of the Society are requested to 
eommunioate with The Seoretury.*’ 


JRegsnFs Park, London, N.W. 8. 
January, 1931. 


P. CHALMEK8 MITCHELL, 

SeGr$tary. 


MEETINGS 

OF THE 

ZOOLOGICAL SOCIETY OF LONDON 

FOB 

SCIENTIFIC BUSINESS. 


1931. 


Tubsday, Fbbruaby 3 and 17. 

March 3 „ 17. 

April 14 „ 28. 

May 12 „ 26. 

JUNB 9 — 


Tht Chair wHl he takm at Five o'clock preciody. 




ZOOLOGICAL SOCIETY OF LONDON. 


LIST OF PUBLICATIONS. 

This scieutific publications of the Zoological Society of London are of two 
kinds — “ Proceedings/^ published in royal octavo form, and Transactions/' 
in quarto. 

According to the present arrangements, the Proceedings" contain not 
only notices of all business transacted at the soientiHic meetings, but also all 
the papers read at such meetings and recommended to be published in the 
^^Proceedings" by the Committee of Publication A large number of 
coloured plates and engravings are issued in the volumes of the Proceedings," 
to illustrate the new or otherwise remarkable species of animals described 
therein. Amongst such illustrations, figures of the new or rare species 
acquired in a living state for the Society’s (Sardens are often given. 

The ‘^Proceedings" for each year are issued in four parts, paged con- 
secutively, during the months of March, June, September, and December, 
Prom January 1901 they have been issued as two lialf-y early volumes, 
indexed separately. 

An “ Abstract of the Pjx)ceedings is published by the Society on the 
Tuesday following the date of the Scientific Meeting to which it refers. Tt 
is issued along with the “ Proceedings," free of extra charge, to all Fellows 
who subscribe to the Publications, but it may be obtained on the day of 
publication at the price of Sixpence, or, if desired, sent post free for tlie 
sum of Six Shillings per annum, payable in advarn^e. 

The “ Transactions " contain such of the communications made to the 
Scientific Meetings of the Society as, on account of the nature of the plates 
required to illustrate them, arc better adapted foi* publication in the quarto 
form. They are issued at irregular intervals. 

Fellows and Corresponding Members, upon payment of a Subscription 
of One Guinea before the day of the Anniversary Meeting, are entitled 
to receive tlie Society's Publications for the year. They are likewise 
entitled to purchase the Publications of tlie Society at 16§ per cent. 
(2(/. ill 1/-) less than the price charged to the Public. A further reduction 
of 25 per cent, is made upon j)urehases of Publications issued pi*ior to 
1881, if they exceed the value of Five Pounds. 

Fellows also have tlie privilege of subscribing to the Zoological liecord 
for a sum of Two Pounds Ten Shillings (which includes cost of delivery), 
payable on the Ist of July in each year; but this privilege is forfeited unless 
the subscription be paid before the 1st of December following. 

The following is a complete list of the publications of the Society already 
issued. 



TRANSACTIONS OF THE ZOOLOGICAL SOdETT OF LONDON. 

4to. SO rola. aud Index. iftiMto F(iwt»«w 
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97 

Plates . . 
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(1896-08) .... 
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ff 

XV., 

ff 

62 

ff * • 

(1898-1001) .. 
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7 

14 
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XVI., 

ff 

38 

ff • • 

(1901-1903) .. 

6 
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XVII., 

ft 

41 
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6 
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tf 

43 
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(1907-1911) .. 

4 
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0 .... 
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ff 
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ft 
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I III consequence of a re-arriingenient of tiic stock of Uie ‘Transactions,* the Sowiety is 
now able to offer for sal© at the reduced price of i’30, sets of Vols. V.-XVl. iiichiaiie. | 


PROCEEDINGS OP THE COMMIlTEl!; OP SCIENCE AND 
CORRESPONDENCE OP THE ZOOLOGICAL SOCIETY OF 


LONDON. 8vo. 2 vols. (Letterpress only), 

Ftfllowi. 

Part 1. 18d0-iil. 1 vol. 8vo., out of print. 

„ 11. 1832. „ 5a. Orf. 


Price to the 
Public. 


6a. 



FBOCESDIKGS OF THE ZOOLOGICAL SOCIETY OP LONDON. 

Fibst S ikies. 

Parts I.-XV. (1888-1847). Sro. 15 vols. (Letterpress only.) Price to 
Fellows : 5s. Od. each part ; to the Public, 6s. 

Index 1880-1847. Price to Fellows ; 5s. Od. : to the Public, 6*. 

Parts I., VII.-IX., XI., XIV., XV., o«it of pnnt. 

Second Seribs. 

Parts XVI.— XXVIir. (1848—1860). 8vo. 13 vols. (Letterpress only.) 
Price to Fellows : 5s. Od. each part ; to the Public, 6*. 

Index 1848-1860. Price to Fellows : 5s. Od, ; to the Public, 6*. 

The Parts of this series containing Coloured Plates are out of print. 

PIIOCEEDINGS OP THE SCIENTIFIC MEIiTINGS OF THE 
ZOOLOGICATi SOCIETY OF LONDON. 8vo. 


Letterpress only. With Plales iinooloured. With Plates coloured. 

Fries to Fries to the Fries to Fries to the Fries to Fries to the 

Fellows. Fublie. Kelluwe. Fublic. Fellows. Piiblie. 

1861 . . . . fM 6s 10s 12s 37s. (W. .... 46s.t 

1862 .... 6s 6s 10s 12s 87s. W. .... J6s.*' 

1868 .... 6s 6s 10s 12s 37s. Od. .... 46s.t 

1864 6s Os.*..,. 10s 12s.t 378. 6d. .... 46s.* 

1866 ... 6s 6s.t.... lOs 12s 87s. (id 4.^, 

1860 ...,6s 6s.1..,. 10s 12s.t 37s. Od 46s 

1867 10s 12s.* 37s. Od. .... 46s 

1868 10s 12s 37s. Od. .... 46s. 

1869 10s 12s 37s. 6ti 46s. 

1870 10s 12s .S7s. Od 46s. 

Index, 1861-1870 6s 6s. 

1871 10s 12s.* 37s. Od. .... 46s.t 

1872 10s 12s.* .‘{7s. Od. .... 46s. t 

1873 10s 12s 37s, 6d. .... 46s. t 

1874 10s 12s.t 40s 48s.t 

1876 10s 12s 40s 48s. 

1876 lOs 12s 40s 48s,t 

1877 10s Pis 40s 48s. 

1878 10s 12s 40s 48s. 

1878 10s 12s 40s 48s. 

1880 10s 12s 40s. .... 48s. 

Index, 1871-1880 6s Os. 

1881-1890. Ten volumes . . Each 40s 48s 

Index, 1881-1890 6s 6s. 

1881-1900. Ten volumes . . Each 40s 48s, 

Index, 1891-1000 6s 6s. 


* Ke psrfeot eopies in stook. 


t Out of print. 



PftOCBSDlNOS Of T01 GBNEEAli MEETINGS fOK SClENTtFlC 
BUSINESS OF THE ZOOLOGICAL SOCIETY OP LONDON 


{canlinued)* 


1901-1010.* Twenty volumes 

Index, 1901-1910 

Index, 1911-1920 

1911-1916.t Twelve volumes 

1917. Vol. I 

„ n 

1918. Two volumes 

1919. Two volumes 


1920, Vol. 1 

„ oil. 

1921-1929. Nine volumes 
1930. Vol. I 

„ II 


PriM to Pr|«« to ihe 
FeUowf. PelOio. 

Each 20« 24$, 

. ... 5s. 6$, 

8$.4d.,... lOt. 

20$ 24$. 

20# 24«. 

10 # 12 «. 

.... 10 # 12 #. 

.... 16s. 20s. 

.... 16s.8d.,... 20s. 

.... 20# 24#. 

.... 40# 48#. 

.... 20# 24#. 

.... 20# 24#. 


Oommeucing with part I. 1929, the size of the Society’s “ Proceedings *’ has been increased 
to Boyal Octavo. 

♦ 1908 out of print. 1911 out of print. 

1 1926, Vol. I. out of print. 


CENTENARY HISTORY of the Society, written by the Secretary. Published 
price 25a. Price to Fellows 20a. 

LIST OF THE ANIMALS. 1826-1927. Vol. 1. Mammals. By Major 
Stanley S. Flower, F.Z.S. Published price 25a. Pi-ice to Fellows 

20a. Vol. II. Birds, by Dr. Caumiojiakl Low, and Vol, III. Reptiles, 
Amphibia, an<l Pisces, by S. S. Flower, M. A. Hjurrn, and E. G. Boulenger, 
will be published shortly, price 25a. each, to Fellows 20a. 

THE OFFICIAL ILLUSTRATED GARDEN GUIDE— 27th Edition (Revised)— 
with (1) a Railway and Street Map; (2) u Plan of the Grounds; (3) a short 
description of some of ihe principal animals in the Collection, with 55 
Photog^raphic Illustrations and Index. Price la, in Stitf Paper Cover, 
postage 2d. 

ILLUSTRATED GUIDE TO THE AQUARIUM. Price 6d., postage 2d. 

ZOOLOGICAL RECORD. — Vol. 06, containing literature relating chiefly to the 
year 1929, will shortly he published, price £6. Vol. 67, for ihe year 1930, 
is being prepared as usual, price .£3, or subscription, if paid in advance, 
£2 10$. Od. 

A CLASSIFICATION OF THE ORIGINAL WATERCOLOUR PAINTINGS OF 
BIRDS OF INDIA by B. H. Hodgson, S. R. Tickell, and C. F. Sharpe in 
the Library of the Zoological Society of London. By Q. C. Low, Douglas 
Dewar, T. H. Newman, and G. A. Levett- Yeats. 7a. 6d. 

P. CHALMERS MITCHELL, 

Secretary y 

Regent’# Park, London, N.W. 8. 

January, 1931. 


I'hece puhUoaiicne may he chtained at the Sooxxxr & Office or through 
any hoohecUern 




P. Z. S. 1930, Low, n. 1. 



Map showing areas in which Hodgson, Tickell, and ffluupe worked. 




PROCEEDINGS 


OP THE 

GENERAL MEETINGS FOR SCIENTIFIC BUSINESS 

OP THE 

Z(X)LOGICAL SOCIETY OF liONDON. 


PAPERS. 

25*. A Clsissification of tho Original Waiercolonr Paintings of Birds of India 
by B. H. Hodgson, S. R. Tickel), and C. P. Sharpe in the Library of 
the Zoological Society of London. By G. Uarmichabl Low, M.A.. 
M.D., F.R.O.P., F.Z.S., DotToi.AS Dbwah, B.A., F.Z.S., T. H. Newman, 
F.Z.S., and G. A. Lkvbtt-Ybats, C.I.E., I.S.O., V.D., F.Z.S. 

[Beoeived April 16, 1930: Bead June 3, 1930.] 

(Plate I.) 

Foreword. 

It has long been felt that the clasAsification of Ilodgson^s and Tickell's Paintings 
of the Birds of India in the Zoological Society’s Library would be useful, and 
when a further series of paintings by General 0. F. Sharpe was lately acquired, 
Sir Peter Chalmers Mitchell asked Oarmichnel Low if he would undertake tlii^s 
work. He said, if some otlier Fellows of the Society would help, lie would do so, 
and Dewar, Newman, and Levett- Yeats consented to collaborate in the work. 

After R cousultatiou with Mr* Martin Duucan, it was decided to give (1) the 
names in the ‘ Fauna of Britisli India,’ second edition, by E. 0. Stuart Baker, 
(2) those in the first edition by Blanford and Oates, an<l (3) those in Jerdon’s 
‘ Birds of India.’ In addition, a column for any alternative name has been added. 
Strictly speaking there is no such thing, the name used being either correct or 
not. Experts, however, often disagree as to wliether certain birds should be 
grouped in one genus or split into sepaiiite ones, so it is useful to give both 
versions. Some of the names in the second edition of the * Fauna’ are incorrectly 
spelt according to the rules of zoological nomenclature, and in those instanees tjie 
correct spelling is given in the alternative column. 

The Engliim name comes after the scientific names, and then a reference to the 

Pnoc. Zooii. Soc.— 1930, No. XXXVI. 86 
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volume, plate, and 5gur6, first in Hodgson, seeondly in Tickell, and thirdly in 
Sharpe. Several of Sharpe’s paintings are mounted separately on cardboard, and 
these are referred to as Mounted Plates abbreviate into M.P. A ** dash ” 
indicates that the bird has either not been described or that there is no figure. 

Ill the days of Blanford, Oates, and Tickell subspecies were not recognized, 
hut with modern changes in ornithology these have to be considered. Many of 
the old species have been given subspecific rank, and many new ones have been 
created. 

As the three authorities quoted worked in different parts of India, the diagnosis 
of what bird is meant has been comparatively easy, but the only way to make 
absolutely certain, in some instances, would be by a comparison of the skins in the 
British Museum (Natural History). This course would have doubled the labour 
involved in the classification, and has therefore not been adopted. 

The classification followed is that used in the Zoological Society’s * List of the 
Vertebrated Animals,’ Centenary Edition, volume ii., Birds. A perusal of the 
index of that volume will assist those who do not know scientific ornithology to 
find the names of many of the birds mentioned, or, at any rate, their order and 
family. A classification of the natural orders is given at the beginning of the 
liist. 

Owing to the many changes in ornithological nomenclature that have been 
made, and may yet be made, the English names of birds have assumed considerable 
importance as being less unstable than scientific names. 

Unfortunately most Indian birds have been saddled with more than one 
English name. 

We hope that the English names here adopted will bo used in future by all 
writers, in order that each bird may acquire a universally accepted English name 
which will be unaffected by changes in scientific nomenclature. 

In consequence of climatic diversity the Indian Empire comprises four 
well-defined ornithological areas: — (1) the Himalayan, (2) the Peninsular Area 
(comprising all plains of India), (.*1) the Nilgiri and Palni Hill Area, (4) the 
Burmese Area. 

The climate of (1) and (3) is tempemte, that of (2) and (4) tropical. 

The sketch-map appended to show the different areas worked in by the three 
authorities should prove of use in identifying the species and subspecies, and also 
help young ornithologists proceeding to India. 

It will be seen that Hodgson worked in the Himalayan area, Tickell in the 
Peninsular and Burmese areas, and Sharpe in the Peninsular, Himalayan, and 
Nilgiri areas. 

Sharpe s pictures are approximately of life size, as are many of Hodgson’s. In 
Tickell the scale is usually given below the picture. 

In all 935 species or subspecies have been listed. 

Biographical Note. 

Bjuan Houghton Hodgson (1800-1 894), Honourable East India Company’s Service. 

Went to India in 1818. Assistant Commissioner of Eumann, 1818-1820. 
Assistant Resident at Katmandu (Nepal), 1820-1829. Resident, 1829- 
1644. Lived at Darjeeling, 1845-1858. 

Samuel Richard Tickell, Honourable East India Company, Bengal Army. 

Went to India in 1828. Appointed to Slat Regiment of Bengal Infantry 
Stationed at various places in Lower and Upper Bengal from 1829-1843. 
Assistant to the Commissioner of Chota Nagpur, 1843-1847. Assistant to 
the Commissioner of Arracan, 1847-1855. Deputy Commissioner of 
Tenasserim and Martaban Province at Amherst, 1855. Commissioner of 
Pegu, 1863-1865. Retired in 1866. 
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Ohablsis Ferguson Sharpe, Honourable East India Compauv, Bengal Army. 
Went to India in 1850, Appointed to the 72nd Bengal Infantry. Entered 
Civil employ in 1858, and was appointed Assistant Su|)erintendent of 
Police in Oudh. He served first Assistant and then as Superintendent 
of Police in various districts of Oudh from 1858 to 1891. 


Classification of the Natural Orders of Birds. 

Class AVES. 

Subclass Neornithes. 


1. Passeriformes 

2. Menuriformes 

3. Eurylaimiformes 

4. Piciformes 

5 . Coccygi formes .... 

6. IVogoniformes..., 

7. Coraciiformes ... 

8. Psittaciformes .... 

9. Strigi formes .... 

10. Accipitriformes . 

11. Sagittariiformes . 

12. Oathartifonnes . 

13. Pelecaiiiforrnes CO | 

14. Palamedeiformes — j 

15. Phnenicoptoriformes 00 j 

IG. Auseriformes 60 ! 


Page 

17. Ardeiformes 02 

18. Balearicifoi mes 04 

19. Opisthocomifornies — 

20. Charadriiformes 64 

21. Lariformes 68 


22. Alciformes 

23. Procellariiforines 


24. Sphenisciformes — 

25. Colymbifonnes — 

26. Pod icipidi formes 68 

27. Ralliforines 70 

28. Colmnbifonnes 70 

29. 'rurniciforines 72 

30. Pterocletiformes 72 

31. (iHlliformes 72 

32. Mesujni formes — 


OARINATiK. 
Page 


42 

42 

46 j 
48 i 
48 ! 

52 ! 

52 j 
54 ! 


The natural orders underlined are absent from the list of paintings. 
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Ajltbbnativb Namb. V, B, L Sbb Bd. 

Order P ASSBEIBOBHBS , 

Family OOEVID JS. 

Oorws eorax Ubetanui. 

Coma coronoidea Cornu coronoidu UvaiUanii, 
kvaiUontii correct 
spelling. 

^ Cornu coronoidea inkr- 

nudiue, 

Oorvue coronoidea 
cuhninatua. 

Corvus aplendena apkndena. 
Nuci/roffa caryocatactea 
Aemiapila. 

Pica pica bottanenaia, 
Urociaaa mdanocephala 
occipUdlia, 

Urociaaa mdanocephala 
magniroatria, 

Urociaaa flaviroatria 
jlaviroatria, 

DendrodUa rufa rvfa, 
JkndrociUa rufa vagabunda. 
VendrooUla ainenaia 
himalayenaia, 

DendrodUa ainenaia 
^ aaaimilia, 

DendrodUa fronJUdia. 
DendrodUa kucogaaira, 
Crypairhina variana. 


F. B. X. l8T Bd. 


Corvua corax, 

Cormu macrorhynchua. 


Oorima tnaororhynchiua, 

Corvua maororhyn* 
chua. 

Cornu apkndena, 
Nuoifraga hmiapda. 

Pica boUanenaia, 
Urodaaa occipiUdia, 

Urociaaa ocdpitalia. 

Urodaaa flaviroatria, 

DendrodUa rufa. 
DendrodUa rufa. 
DendrodUa 
himalayenaia, 
DendrodUa 
himalayenaia. 
DendrodUa fronJUdia, 
DendrodUa kucogaatra. 
Crypdrhina variana. 


Crypdrhina cucuUata, Crypdrhina cucuUata. 


Ciaaa chinenaia chineruia, 
Oarrvlua biapeeidaria 
biapeoularia, 

Oarrvlua biapeoularia 
interatinctua, 

Oarrvlua lanceoUdua, 
Pyrrhooofaix pyrrhocorax. 

Family STUENIBiE. 
Stumfu vtdgaria humii, 
SUtmau vulgaria subsp. ? 
Stvmia mcdabariea 
nudabairica, 

Sturnia nudabariea 
nemorieola, 

Agropaar atumkuu, 
Ampelicepa corowdua, 
Pador roaeau^ 
Temenuchau pagodarum. 


Ciaaa chinmaia. 
Qarrulua biapecvlaria, 

Oarrvlua biapecvlaria. 

Oarrvlua knmokUua. 
Qracvlua eremUa. 


Stumua humii, 
Stumua vulgaria. 
BUimia malabarica, 

Skmna nemorieola. 

Agropeat atuminua, 
Ampdic^coronaOua, 
Paator roaeau, 
Temanuchua 
pagodarwn. 


Jbbdob. 


Corvua dbeianua, 
Corvua eukninaiua. 


Corvua intermediua, 

Corvua cadmrvjdua, 

Corvua apkndena, 
Nudfraga hemiapila. 

Pica boUanenaia, 
Urodaaa ainenaia. 

Urodaaa dnenaia, 

U rociaaa flaviroatria, 

DendrodUa rvfa. 
DendrodUa rufa, 
DendrodUa ainenda. 

DendrodUa dnenaia. 

DendrodUa frontdlia. 
DendrodUa kucogaaka. 


Ciaaa ainenaia, 
Oarrvlua biapeoularia, 

Oarrvlua biapecvlaria, 

Oarrvlua lanoeckdua, 
FregUue himalayaima. 


Stumua unicohr, 
Stumua vulgaria. 
Temenvehua mala- 
borkua, 

Temenudm mikh 
barieua. 


Paator toaeua, 
Tammwchwa 
pagodmum. 
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Skousb Naur. 

HoDoaoK. 

Tiokbll. 

0. F. Shaatb. 

Tibet Baven* 

It. pi. 176. 



IndiAE Jungle Crow. 

— 

1. fig. 115. 

— 

Hizoalayan Jungle 

iy. pi. 176. 


xij. pi. 70. 

Orow. 

Southern Jungle Crow. 

— 

— 

xii. pi. 14. 

Indian House Crow. 



i. fig. 116. 

xii. pi. 12. 

Himalayan Nutoraoker. 

iv. pis. 178, 179. 

— 

vii. pi. 1. 

Blook-rumped Magpie. 

iv. pi. 180. 

, „■■■— 


Bed-billed Blue Magpie. 

iv. pis. 185, 186, 187. 

— 

X. pi. 26. 

Burmese Bed-billed 



i. fig. 331. 

■■ 

Blue Magpie. 

Yellow-billed Blue 

It. pI. 188. 

xi. pi. .5. 

xii. pi. 15. 

Magpie. 

Indian Tree Pie. 

— 

— 

vii. pi. 8. 

Bengal Tree Pie. 

iv. pi. 192, nest ; pi. 193. 

vii. pi. 10. 

Himalayan Tree Pie. 

iv. pis. 192, 107, nest ; 
pis. 194, 195. 

— 

vii. pis. 9, 11, 12. 

Burmese Hill Tree Pie. 

— 

i. fig. 261. 

— 

Blaok-browed Tree Pie. 

iv. pi. 196. 

■ - 


Southern Tree Pie. 

— 

— 

xii. pi. 16. 

Blaok Backet-tailed 

— 

i. fig. 262. 

— 

Magpie. 

Hooded Backet-tailed 

— 

ii. fig. 421. 

— 

Magpie. 

Green Magpie. 

iv. pis. 189, 190, 191. 

i. fig. 114. 

vii. pis. 6, 7, X. pi. 26. 

Himalayan Jay. 

— 

— 

vii. pi. 3. 

Sikkim Jay. 

iv. pi. 182. 

i. fig. 113. 

vii. pi. 2. 

Black-throated Jay. 

iv. pis. 183, 184. 



vii. pis. 4, 5, xii. pi. 4. 

Bed-billed Chough. 

iv. pi. 198. 

— 

— 

Himalayan Starling. 

iv. pis. 199, 200. 

— 

— 

Indian Starling. 

— 

X. pi. 12. 

vii. pi. 13. 

Grey-headed Myna. 

iv. pis. 206, 207. 

— 

vii. pis. 22, 23. 

White-winged Myna. 

— 

i. fig. 268. 

— 

Dauzian Myna. 

— 

i. fig. 269. 

— 

Gold-orested Myna. 

— 

i. fig. 266. 

— 

Bose-cokmred Pastor. 

iv. pi. 208. 

— 

vii. pi. 24. 

imafds-headed or 

iv. pL 207. 

— 

vii. pi. 21. 


BitluBSiiy Ifyniu 



|S4 A ouatmoAxioir ov ma oatonrAt 

1 


AsOmxATm Naioe. F* B« I. 2kd Ed. 

F. B. I. 1st Ed. 

teDOK. 

Aeridotitma iristia triaUa, 

Acridotharaa tnatta. 

Aorido^iarea MaHa. 

Aeridathena ginginianua. 

Acridothem 

Aeridodierea 


gkagiaiMuaaat 

gingmarwa. 

Mhiopaar fuama fuaona. 

Mhiopaarfuaeua, 

AcridoJherea fuaeua 

Siuniopaaior contra i^tumopaator capenaia 

Sturnopaator oonlra. 

Bturnopaakrr cord^ 

contra, oapenata. 

Family EULABETlDiB* 

Ctracula rdigaoaa, Eviabea rdtgtoaa. 

Eidabea religioaa. 

BvJabea rehgioaa. 

Oraetila javana Enlabea jmma intemcadao. 

Eulabea intermedia. 

Eulabea intermedia. 

intemedia. 

Lamprooorax paruiy^^ 

Calomia chalybeiva. 

— 

tir%gotaa. 

Saroghaaa apihptera 

Paaeogloaaa 

Saragloaaa apiloptera. 

aptloptara. 

apiloptera. 


Family DICRIIRIDJ5. 

Diffurua annectena. 

Ihcmrua annectena. 

IHcrurua bahcaaatua. 

Dtfrurua macrocercus 

Dtcrurua ater. 

Dtcrurua macrocercus 

macrocerciia. 

Jhcrurua macrocercus 

Dtcrurua ater. 

Dtcrurua macrocercua. 

aibinctua. 

iJtcmrua Uiicophaus 

Dtcrurua Umgicauda- 

IHcrurua lonyuxiuda- 

hngtcaiudaitua. 

tua. 

tua. 

Dtcrurua laucophama 

Dtcrwua Tugreacena, 

— 

nigreaeens. 

Dicruma cceruleacena 

Jhcrurua carvleacena. 

IHcrurua cerrukacena. 

canileacena. 

Chaptta amea anea. 

ChapUa cpnea. 

Chaptaa cenea. 

Chtbut hoUentotta hoUentoUa. 

Chtbta hottenioUa, 

(Jhibta hoUefUotta. 

Diaaemurua paradmeua 

Diaaemurua 

MddUua paradtaeua. 

pairadiaeua. 

pairadtaeua. 


Dtaaemvrua paradiaeua 

Ihaaemurua 

BdaUua paradtaeua. 

grandta. 

paradiaeua. 


Dtaaemurua parad%aeua 

Diaaemurua 

Eddliua nudabartcus. 

maiabarteua. 

paradtaeua. 


Bhringa remifer tecHroatrta, 

Bhringa remifer. 

Bhringa remifer. 

EAmily OBIOUD^ 

Oridlua orklua hmdoo. 

Oridlua kundoo. 

Oridlua kundoo. 

Oridlue chinenata tamikoatria. 

Oridlua tenuiroalna. 

Oridlua indicua. 

Onnlub xanthomua 

Ondua melanoc^^ 

Ortdua meianocepha- 

xantkomua. 

kta. 

lua. 



WixBiiooilOifii FiiNviiMi or »Eiu>([ or Ihota. 


Enousk Namb. 

Common Myna. 
Bank Myna. 

Indian Jungle Myna. 
Indian Pied Myna. 


Southern Crackle or 
Hill Myna. 

Indian Graokle or Hill 
Myna. 

Glossy Starling or Stare. 
Spotted-winged Stare. 


Crow- billed Drongo. 

Black Drongo or King 
Crow. 

Himalayan Black 
])rongo. 

Indian Grey Drongo. 

Burmese Grey Drongo. 

White-bellied Drongo. 

Northern Bronzed 
Ilrongo. 

Indian Hair-crested 
Drongo. 

Siam Large Racket- 
tailed Drongo or 
Bhimraj. 

Assam Large Racket- 
tailed Drongo or 
Bhimraj. 

Malabar Large Racket- 
tailed Drongo or 
Bhimraj. 

Indian Lesser Racket- 
tailed Drongo. 


Indian Oriole. 

Burmese Blaok-naped 
Oriole. 

Indian Blaok-headed 

Ori«da. 


HonosoK. 

iv, pi. 203. 
iv, pi. 204. 

iy. pi. 205. 
iy. pis. 201, 202. 

iv. pJ. 211. 

iv. pis. 209, 210. 

iii. pis. 51, 52. 

iii. pis. 48, 49, 50. 
iii. pi. 52. 

iii. pi. 53. 

iii. pis. 54, 55, 56. 

iii. pis. 69, 60, 61. 

iii. pi. 58. 

iii. pi. 67« 

iv. pis. 10, 20, 21, 26. 

iv. pis* 21, 22, 28* 


Tioki&ll. 

i. fig. 118. 

i. fig. 338. 
i. fig. 119. 

i. fig. 337. 
i. fig. 267. 

vii. pi. 15. 
vii. pi. 14. 

vii. pJ. 17. 
vii. pi. 16. 
vii. pi. 18. 
vii. pi. 21. 

i. fig. 285 ; vii. pi. 20. 


vii. pi. 19, 

vj. pi. 27. 

i. fig. 187 ; vi. pi. 28. 

ii. fig. 64 ; vi. pi. 29. 


0, F. Shabpi* 

vii. pis. IS, 16. 
vii. pi. 17. 

vii. pis. 18, 19, 20.’ 
vii. pi. 14. 

vii. pi. 26. 
vii. pi. 27. 

vii. pi. 25. 

iii. pi. 39. 

iii. pis. 40. 41. 

iii. pi. 41. 
iii. pi. 42. 

X. pi. 27, left figure, 
iii. pi. 42. 

X. pi. 27, right figure. 

v. pis. 24, 25, xii. pi. 
17, figs. 1, 2. 

V. pi. 26, xii. pi. 17, 
figs. 3 & 4. 



Al^rXBVikTIVB Kamb. 


Orioiue traiUH trmUii, 


Famay PLOQBlDiB. 
Stieioapizafomoia. 

Amandava amandava, 

Munia mahcea orienUUia* 

Munia dtrkapUia atrioapiUa, 

Munia atricapiUa rubronigra, 

Vrohncha punctulata 
puncHtUUa^ 

Uroloncha striata striata, 
Vrotoncha striata acuticauda. 

Ufdoncha malabarica. 
Plocsus philippinus, 

Phoeus paaaerinua 
passerinus. 

Ploceua benghalensia. 


Munia puncttUata 
punctfdata, 

Munia striata striata, 
Munia striata acuti- 
cauda. 

Munia malabarica, 
Ploceus philippinus 


passerinus, 

Ploceus manyar psguensis. 

Family FBINGILLlDiSt 
Mpeerobas melano^ Mycerobas mekmoxanthus. 


A OLABSIFICATIOB O# THB OiUOZKAIL 
F. B. I. 2kd Es>, 


Oriotus xantkomus 
csytonensis. 


Oriohts fraUtU, 


xanthos. 


Hypacanthis spinoi'des 
spinoides ooireot 
Bpelling. 


Uaemaioepixa indica. 


Perissospisa ioterioides 
affinis, 

Perissospisa camipes* 

Oardudis oanicepa caniceps, 

Bypacantkis spinoides, 
spinoides, 

Oymnoris xanthoecUis 
amthocoXUs, 

Passer domestieus indicus. 


meus, 

Hmiatospisa sipahi, 
Oarpodacus erytkrinus 
roseatus. 

Propyrrhida suikmachala 


F. B. I. iBT Bb. 

Oridds mebsnoeepha- 
lus, 

OridustraiitU, 


Stidospuaformosa, 

Sporayinthus aman- 
dava, 

Munia tndacea, 

Munia atricapiUa, 

Munia atricapiUa, 

Uroloncha punctulata, 

Uroloncha striata. 
UroloTtcha acuticauda. 

Uroloncha malabarica, 
Ploceus baya. 

Ploceus megarhyn- 
chus, 

Ploceus bengalensis. 
Ploceus manyar. 


Mycerobas melanoxan~ 
thus. 

Pycnorhamphus 

affnis, 

Pycnorhamphus 

cameipes. 

Cardudis ounksps, 

Hypaeamlhis spinoides. 


Oynmorhis JlamodUs. 
Passer domestious. 


Bofmatospka sipaM, 
Oarpodaeus erytkri^ 
nus, 

Propyrrhda sub* 


Passer montanus malaccensis. Passer monkmue, 
Paeeer ruUlana oinnamo* Paseer einnamomeue. 


Jbbbob. 

Oridua eej^onensis* 
Oridus iraiUii. 

Edreddaformosa, 

Estrdda amandatfa. 

Munia malacea. 

Munia ruhrondgra, 

Mvsna rubronigra, 

Munia undulata. 

Munia striata. 

Munia acuticauda. 

Munia malabarica. 
Ploceus baya, 

Ploceus baya. 

Ploceus bengalensis. 

Ploceus manyar. 

Mycerobas melanoxan- 
thos. 

Besperiphona affinis. 

Mycerobas eamipes. 

Cardudis caniceps, 
Chrysomitris spinoides. 

Passer faviedtie* 

Paeeer indieus. 

Paeeer montanus. 

Passsr dnnamomeus, 

Bssmatospm mpahL 
Oarpodaous erytkrinus, 

Propyrrhda sub* 



WATBROOLOUR RAINmaS of birds op INDIA. 


557 


BNOLisa Namb. 

Hodgson. 

Tioxbll. 

C. F. Skabpi. 

Ceylon Blaok-headed 

— 

— 

T. ol. 27. 

Oriole. 

Maroon Oriole. 

iv. pJs. 22, 23, 24, 25, 
26. 

vi. pi. 30. 

V, pi. 28, xii. pi. 17, 
fig. 5. 

Green Miinia or 

— — 



vii. pi. 36. 

WaxhiU. 

Avadavat or Indian 

V. pi. 6. 

— ■ , ■ 

vii. pis. 34. 35 

BedHunia. 

Madras Blaok-headed 

— 


vii. pi. 30. 

Munia. 

Malay Chestnut-bellied 

— 

ii. fig. 376. 

- 

Munia. 

Northern Chestnut- 

V. pis. 2, 4. 



___ 

bellied Munia. 

Indian Spotted Munia. 

V. pis. 2 , 5. 

i. fig. 272. 

vii. pi. 31. 

White-backed Munia. 



- 

vii. pi. 32. 

Hodgsonk Munia. 

V, pi. 2. 

ii. fig. 395. 

vii. pi. 33. 

White-throated Munia. 

V. pL 2. 

■ ■ „ 

vii. pi. 33. 

Baya or Weaver-Bird. 

— 

i. fig. 270. 

vii. pi. 28. 

Eastern Baya. 

V. pi. 1. 

ii. fig. 420. 

— 

Blaok-throated Weaver- 

V. pi, 1. 

i. fig. 120. 

vii, pi. 29. 

Bird. 

Burmese Striated 

— 

i fig. 271. 


Weaver-Bird. 

Spotted-winged 

V. pis. 2. 21, 22. 

_ 

vii. pi. 48. 

Grosbeak. 

Allied or Eastern Blaok- 

V. pi. 20ij 

— 



and-TeUow Qiosbeak 
White-winged Qroebeak. t. pk. 2, 23. 


Himalayan Goldfinch* 

— 

— 

vii. pi. 61. 

Himalayan Greenfinch. 

V. pis. 13, 33, nest ; pi 

,39, 

vii. pk. 63, 62, 63. 


40. 


Yellow-throated 

V. pi. 11. 

L fig. 121. 

vii. pk. 39, 40. 

Sparrow. 



Indian Houee-Sparrow. 

V. pis. 7, 8, 36, 

i. fig. 136. 

vii. pi. 39. 

Malay or Indian Tree- 

V. pis. 7, 8, 10. 

— 

vii. pi. 38. 

SpUTOW, 



Glnnainon Tree-Sparrow. 

V. pL 0. 

ii fig. 424. 

vu. pk. 36, 37. 

Soariet Eiiioh. 

V. pk. 21, 28, 29. 

i fig. 123. 

vii. pk. 62, 64. 

Indian Bbee-Einch. 

V. pk. 31, 84. 35, 36. 

i fig. 122, 

vii. pk. 66, 66, 67. 

Bed-headed Boee-iElnoh. 

v.pk.28,30. 

— 

- 



i otiiJsivioAiioK or tbb oRidmi 




Altibhativx Nami. F. B. L 2xd Ed. 

F. B. 1. IflT Ed. 

JxBDoir. 

PropoBner rhodoehroua. 

Propaaa&r rhodoohroua. 

Propaaaer rhodochroua. 

PropaB$er rodope^m. 

Propaaaer rhodopep- 
lua. 

Propaaaer rodopep- 
lua. 

ProcardtUUs nipalenaiB 

Procardudia nepakn- 

Procardudia nipalen- 

nipalenna. 

aia. 

eia. 

Pyrrotpka pmicea punicea. 

Pyrroapiza punicea. 

Pyrroapiza purdcea. 

Loaria curvirostra Loxia curvirostra himalayana. 

Loxia himodayana. 

Loxia himalayana. 

himoiiiiiyensk. 

Pyrrhula nipaknaia 

Pyrrhula nepaknaia. 

Pyrrhida nipaknaia. 

nipalenaia. 

Pyrrhda erythrocephala. 

Pyrrhula erythro- 
cephala. 

Pyrrhula erythro- 
cephala. 

Pyrropkcka epavktta. 

Pyrropkcka epaukUa, 

Pyrropkcka epauletta. 

FringiUauda Mmoricola 

FringiUauda nemori- 

FringiUauda nemori- 

nemoricola. 

cola. 

cola. 

Emberim fw^ amiata. 

Emberiza fucala. 

Emberiza fvmta. 

Emberiza puaiUa. 

Emberiza puailla. 

Emberiza puailla. 

Etnberiza aiewarti. 

Emberiza atewarti. 

Emberiza atewarti. 

Emberiza aureola. 

Emberiza aureola. 

Euapiza aureola. 

Emberiza iderica. 

Emberiza luteola. 

Euapiza lukola. 

Mehphm melanidema. 

Melophua mdanic- 
terua. 

Melophua rndunk- 
terua. 

Family ALAUDID^. 

Mdanocorypha bimatmlaia 
binuioulata. 

Mdamocorypha bima- 
culata. 

— 

Alaiuda arvensia dulcivox. 

Alauda arvenaia. 

Alauda triborhyru’ha. 

Alauda gulgula gvJgfda. 

Alauda gulgula. 

Alauda gulgula. 

CalandreUa brachydadyla 

Calandrella dukhunen- 

(JcdandreUa brachy- 

dukhunenaia. 

aia. 

dactyla. 

Mirafra camiiUana cantiUana, 

Mirafra canJtiUana, 

Mirafra caniillana. 

Mirafra aaaamica aaaamica. 

Mirafra aaaamica. 

Mirafra aaaamica. 

Mirafra erythroptera 

Mirafra erythroptera. 

Mirafra erjfihropkra. 

etythroplera. 

Oalmda criataia chettdoola. 

OakrUa criataia. 

Odkrida criataia. 

Eremoplerix yriaea. Pyrrulauda griaea. 

Pyrrulauda griaea. 

Pyrrulauda griaea. ' 

Family MOTAGILLIDiE:. 

MotaciUa alba dukhunenaia. 

MotaciUa alba. 

MotaciUa dukhunen- 
aia, 

MotadUa dukhunen- 

MofaciUa alba peramata. 

MokunUa peraonOta, 

MaUuiUa alba aWoidea, MokusiUa lu^Utria alboiiea. 

MotactUa hodgaoni. 

ata, 

MotaciUa htzonienaia. 

MotaeiUa aSba leueop- Mataeilla lugubria leucopaia. 

MolaciUa leucopaia. 

MotaciUa luzonknaia. 
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£HaU8H Namb. 

HoDoaoN. 

Tiokbll. 

C. F. Shabpk. 

Fink-browed Boee- 

V. pi. 33. 


vii. pi. 58. 

Finch. 

Spotted-winged Bose- 
Finoh. 

y. pL 32. 

— 

— 

Nepal Bark Bose-Fuioh. 

y. pis. 31, 37. 

— 

vii. pi. 59. 

Bed-breaated Bose- 

y. pi. 38. 



yii. pi. 60. 

Finch. 

Himalayan Crossbill. 

y. pi. 27. 

— 

— 

Brown Bullfinch. 

y. pi. 24. 

— 

vii. pis. 49, 50. 

Bed-headed Bullfinch. 

y. pi. 24. 

— 

— 

Gold-headed Black 

y. pi. 31. 

— — 

vii. pis. 51, .53. 

Finch. 

Hodgson’s Mountain 

y. pi. 41. 

— 



Finch. 

Grey-headed Bunting. 

y. pi. 14. 

— 

vii. pi. 46, 

Little Bunting. 

V. pi. 15. 

— 

vii. pi. 42. 

White-capped Bunting. 

— 

— 

vii. pi. 41. 

Yellow-breasted 

V. pi. 17. 

i. fig. 273. 

Bunting. 

Bed-headed Bunting. 

— 

— 

vii. pis. 43, 44. 

Crested Bunting. 

V. pis. 18, 19. 

ii. fig. 431. 

vii, pis. 45, 46, 47. 


Eastern Calandra Lark. 

— 

— 

vii. pis. 65, 66. 

Eastern Sky-Lark. 

y. pis. 46, 47. 

■ 


Small Indian Sky -Lark. 

— 

— 

vii. pis. 67, 68. 

Bufous Short-toed 

y« pis. 15, 46. 

i. fig. 247. 

vii. pi. 68. 

Lark. 

Singing Bush-Lark. 

— 

i. fig. 245. 

- 

Bengal Bush-Lark. 

— 

i. fig. 246. 

vii. pi. 64. 

Bed-winged Bush-lark. 

— 

— 

vii. pi. 65. 

Franklin's Crested Lark. 

y. pi. 48. 

- - 

vii. pi. 69. 

Ashy Crowned Finch- 

y. pi. 42. 

i. fig. 248. 

vii. pi 68. 

Lark. 

Indian White Wagtail. 

iy. pi. 103, figs. 2, 5. 

i. fig. 139. 

— 

Hacked Wagtail. 

iy. pi. 103, fig. 6. 

— 

— 

Hodgson’s Fied Wagtail 

iy. pi. 103, figs. 1, 3 ; 




White-faced Wagtail. 

pi. 104. 

i. fig. 139. 

vi. pL 7. 



m 

A OLASIffnOAXtOir *Bfe IWMlMAIi 

AunnarAxnra Kami. 

F. B. I. StHJ) Ed. 

F. B. t Ira Ed, 

MotadOa maderaa- 

MolaeiUa U^fubfknladm^s^ 

JidadUa madaraa^ 

patanais. 

patinaia. 

paianaia. 


MotaoiUa oineraa caapica. 

MoUiciIkt indanope. 


MoUtoiUajlaioa thmbergi. 

MokaoUlaboraalia, 


MolaoiUa fitm beema. 

JliotadOa beema. 


MotadUa citreola dtreola. 

MotadUa diraola. 


MotadUa dlrtda eakarata. 

MotaeiUa cUreohidaa, 


IkikkomrUhua indicua. 

Idnumidromua irtdicua. 


Anlhua trimaHa tridodia. 

Anthua trivialia. 


Anthua hodgaoni hodgaonu 

AnBtua macadatua. 


Antitua riehardi riehardi. 

ArUhua riehardi. 


AfUhua riehardi rufidva. 

ArUhua rufulua. 

Anikua riehardi 

AfUhua riehardi godUwakii, 

ArUkua atriokUua, 

atriolaiua. 

ArUhua nilghirienaia. 

ArUhua nilghiriensiB, 


ArUhus campealria campeatria. 

ArUhua campeatria. 


Antlma roaeaiaa. 

ArUhua roaaceua. 


Ardhua aordidua jerdoni. 

AfUhua aimilia. 


Oreocorya aylnav/aa. 

Oraooorya aylvarvua. 

Fanuly mCTARINIIDM. 



Chakoparia aingahnaia 

Chakoparia phoenico- 


dngalenaia. 

tia. 


ASthgpyga dpare^a aeheriai. 

Mhopyga aeherUe. 


ABthgpya ignicauda 

JBihopyga igvicauda. 

• 

ignicauda, 

MOtopyga gotddiat govUiw. 

Mhopyga goMia, 


Mhopyga aaturata aaiiaraki. 

Mhopyga aatwraia. 


Mhopyga nipodanaia 

Mthopyga nepaknaia. 


nipdUnaia, 

Cyrtoaiomua aakdima 

Leplocoma aakUiea aaiatica. 

Arachnechthra osia- 

aakdieua. 


iica. 


Leplocoma miruma. 

Arachneeklhra 


Leptoooma zeylonica. 

minima, 

Arachnaeklhra 


hapiooonuk toUada, 

aayUmea, 

ArwhnaMra htenia. 


Lapioeoma braaihaiiui. 

AmehnoehlhrahaaaalH, 


JSBDOH. 

potona. 

Oalob^ milpImmL 
Bud^viridit, 


Budytea eUrecla. 
BudyUe eHreola, 


Nemoricola indka. 
Fipaatea arboreus, 
PipaaUa agilis. 

Corydalla richardi. 
CorydaUa rufula» 

Corydalla atriolata. 

Pipastes moruanus, 
Agrodronta campeafrui, 
ArUhw cervinus. 
Agrodronta aordida, 
Heter ura aylvana. 


Mihopyga mika. 

Mhopyga ignkauda, 
Mhopyga goMim, 
Mhopyga aaiurata, 
Mthopyga nipalenak. 

ArachnecAthra omo- 
Uca, 

B^ptoc(ma fninma. 
Beplocoina aaylomca, 
Arachnachihfa lotmia. 
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l^ausH lirAia. 

Honosoir. 

TiOKBLL. 

0. F. SHABPa. 

Luge Fied Wagfcail. 

iv. pi 100. 

— 

Vi. pis. 6, 6, 7. 

Eastern Grey Wagtail 

iv. pi. 103, fig. 4 ; 
pi 107, fig. 3; 
pi. 108. 

— 

vi. pi. 7. 

Qzey-headed Wagtail 

iv. pi. 113, figs. 3, 4; 
pi 114, figs. 5, 6. 

i. fig. 141. 

Vi. pi 7, 7 8. 

Indian Blue-headed 
Wagtail. 

iv. pi. 112. 

— 

— 

Yellow-headed Wagtail. 

— 

1 fig. 140. 

vi, pi 9. 

Hodgson’s Yellow- 
headed Wagtail 

iv. pi 114, fig. 1 ; 
pi 116, figs. 1,2; 
pi. 116, young bird. 



Forest Wagtail 

— 

i. fig. 306. 

— 

Tree Pipit, 

— 

i. fig. 138. 

— 

Indian Tree-Pipit. 

iv. pis. 117, 119, 123, 
fig. 4. 

— 

vi. pis. 10, 11. 

Richard’s Pipit. 

iv. pi 118. 

— 

vi. pi. 12. 

Indian Pipit. 

iv. pis. 120, 122, figs. 
2.3. 

i. fig. 137. 

vi. pis. 13, 14. 

Blyth’s Pipit. 

iv. pis. 121, 122, tigs. 

1 4. 

i. fig. 136. 

vi. pis. 14, 16, 16, 17. 

Nilgiri Pipit. 




vi. pi 11. 

Tawny Pipit. 

— 

— 

vi. pi. 10. 

Hodgson’s Pipit. 

iv. pis. 123, 124, 126. 

— 

_ 

Brown Rook-Pipit. 

— 

— 

vi. pis. 17, 18. 

Upland Pipit. 

iv. pi 120. 

— 

vi. pi 19. 


Malayan Ruby Cheek. 

— . 

ii. fig. 429 ; vi. pi 16. 

Himalayan Yellow- 

iii. pi, 1, fig. 6 : pi 3, 

ii. fig. 429 ; vi. pi. 7. ii. pis. 67, 08. 

backed Sunbird. 

fig. 7 ; pi. 4 ; pi. 5, 

Fire-tailed Yellow- 

fig. 3; pi. 6. 
iii. pi. 3, figs. 1, 4, 8 : 

vi. pi. 9. ii. pis. 06, 07. 

backed Sunbird. 

pi. 5, tigs. 6, 7. 

Mrs. Gould’s Yellow- 

— 

vi. pi. 8. 

backed Sunbird. 
Black-breasted Sunbird. 

iii. pi 1, fig. 5 ; pi 5, 

vlpl 11. ii. pis. 66. 07, 68. 

Nepal Yellow-backed 

fig. 8; pi 8. 
iii. pi 1, fig. 6 ; pi. 3, 

vi. pi. 10. ii. pig. 69, 72. 

Sunbird. 

figs. 2, 8 ; pi. 6, 


Purple Sunbird. 

figs. 9, 10 ; pi. 7. 
iii. pi. 1, fig. 1 ; pi. 6, 

vi. pi, 12. ii. pis. 70, 72. 

Small Sunbird. 

fig, 5 ; pi 9. 

il-pl 71. 

Parple-mmped Sunbird. 

— 

vi. pi 1.3. 

Loten’s Sunbird. 

— 

ii. pi 73. 

y«n Hass^'s Sunbird. 

— 

1 fig. 168 ; vi. pi 16. 
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A CLAfiSIFlOATlOJI OF TRS OHTGINAL 


Altebnatiyb Name. F. B. I. 2nd Bd. F, B. I. 1st Ed. 

I^toconM flanmaxiUaris AreKhmchihra flain-- 

fhmmaxUlairis. maxillaris. 

Araehnaihera magna magm, Aracknothera magna. 


Family DIOiBIDiB. 

DiccBum cmentaium 
cruenkUum, 

Dicce/tm crueiUaium 
ignUum, 

DiccBum charywTfhAum 
iinJbe/Mum. 

IHamm chry»(rrrhmm 
chrysoehhre. 


Dicasum trigonoatigma 
Tubropygium, 

DicoBum tgnipectum igni- 
pedum. 

Diramm minvllum concolor. 
Dicmnm erythrorhyn- Dicasum cryikrmkyinclmn. 
chos erythrorh'ifn- erythrnrhynchum. 

rhoH, 

Piprisomu squutidum aquali- 
dum, 

Pachyglosaa mdamxarUha. 


Family ZOSTBROPIDiE. 

Zoateropa palpebroea palpe- 
broaa. 

Family OEETHIID^ 

Certhia himaXayana 
himdlayam, 

Certhia f (miliaria nipaknaia, 
Certhia familiaria hodgaoni. 

Certhia diaccdor diacohr, 
Tiehodroma muraria. 


Diccawm (Tuardatwm* 

Dicasum (srueukdum. 

Dicamm chryaorr* 
hceim, 

Dicasum chryaorr- 
hcBum, 


Dicceum trigono- 
atigma. 

Dicasum ignipedua. 

Dtctmm aracohr. 
Dicasum erythrorhyn~ 
chua. 


Pipriaoma aqualidum. 

Pachygloaaa meJarmx- 
arUha, 


Zoateropa paJpebroaa. 


Certhia hvmaHayana* 

Certhia nepalenaia. 
Certhia hodgaoni. 

Certhia diacohr, 
Tiehodroma muraria. 


Family SlTTIDiB. 

Sitta himaiayenaia^ 8iUa hknatayenaia. 

SiUa caataneoventria Sitta caatanciventtria SiUa eaakmeiventria. 

eaataneovenUia oaatanaiveniria, 

oorraot spelling, 


Jbbdon. 

Arachnothara magna. 

Dicoaum coedneum. 

Dicasum coedneum* 

Dicasum ehryaorr- 
hosum, 

Dicasum chryaorr- 
hasum. 


Dicasum rcncolor. 
Dicasum minimum, 

Pipriaorm agiU. 

Pachygloaaa me/awor- 
avUha. 

Zoateropa jHtlpehrnaua. 

Certhia himalayana. 
Certhia nipalenaia. 

Certhia discolor. 
Tiehodroma muraria, 

SiUa hinudayenaiai 
Siita caataneoventria. 
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Englisb Name. 

Burmese Yellow- 
breasted Sunbird. 
Indian Streaked Spider- 
Hunter. 


Indian Scarlet-baoked 
Flower-peoker. 
Burmese Scarlet-backed 
Flower-peoker. 
Sikkim Yellow-vented 
Flower-pecker. 
Burmese Yellow- ventiod 
Flower-peoker. 


Tenasserim Orange- 
Ixdlied Flower- 
pecker. 

Fire-breasted Flowor- 
l)eckor, 

Nilgiri Flower-peoker. 

Tickell’s Flower-pecker. 

Thick- billed Flower- 
peoker. 

Yollow-l)ellied Flower- 
peoker. 


Indian White Eye. 


Himalayan Tree- 
Creeper. 

Nepal Tree-Creeper. 
Hodgson’s "JYee- 
Creoper. 

Sikkim Tree-Creeper. 
Wall-Creeper. 


White-toiled Nuthatch. 


Hodgson. 

Tiokell. 

0, F SaABPB. 

— 

vi. pi. 14. (Under — 

Nedarinia jugidam.) 

iii. pi. 1, fig. 4 ; pi. 2 ; 

vi. pi. 0. 

ii. pi. 61. 

pi. 6, fig. 4. 

iii. pi. 10. 

— 

iii. pi. 2. 

— 

i. fig. 109; vi.pl. 17. 

— 

iii. pi. 12. 

— 

iii. pi. 2. 


ii. fig. 408, no. 3 ; vi. 
pis. 17, 18 (wrongly 
described in latter 
plate as Fiprioaoma 
agilis). 



ii. fig. 408, no. 2 ; 
vi. pi. 18, lig. 2. 


iii. pi. 15 ; iv. pi. 1.57, 

— 

iii. pis. 1, 2. 

fig. 0. 

— 

— 

iii. pi. 3. 

iii. pi. 12, figs. 1, 2; 
pi. 14. 

ii. fig. 408, no. 1 ; vi. 
pi. 17, fig. 1. 

iii. pi. 1. 

— 

vi. pi. 18, fig. 1. 

iii. pi. 1. 

iii. pi. 17. 

— 

iii. pi. 4. 


iv. pis. 157, fig. 2, 1.59. 

ii. fig. 393 ; vi. pi. 19. 

vi. pi. 41. 

— 

— 

iii. pi. 5. 

iii. pi. 18. 

— 

iii. pi. 5. 

— 

— 

iii. pi. 6 (bottom 

_____ 

vi. pi. 1 ; xi. pi. 12. 

right-hand figun») 
iii. pi. 5. 

iii. pis. 19, 20. 

— 

' ■’ 

iii. pi. 21 ; iv. pis. 106, 

vi. pi. 4. 

iii. pis. 6, 8. 

167. 

iv. pis. 166, 167, fig. 3. 

vi. pi. 3, fig. 1. 

iii. pi. 8, 


Chestnut-bellied 

Nuthatoht 



A OUMIFICATION KM* «9> OnCOKU. 


m 

kuamitx'mm Nam. V, B. L too Bd. 

Siikt Pfliiiftiifiiiiiiiifni 
cinmmoveiiiHi, 
iSfitta/ofmoM. 

8iUa fironialUi 

REQULIDiB. 
C^hcHopifnuB flanmicepi» 

Family FARIDA. 

Pofua tnajor einereua. 

PanTM major makrdUarim, 
Pofus monticdhis morUicolus, 
Lophophofnes akr asmodivs, 

Lophophtmta rubidivenifia, 

Lophophanaa rufomchalia 
beavani» 

Lophophanaa dichroua 
dichroua, 

Sylviparua modaatua 
modeatua, 

Machhlophua apilonotua 
apilonotiM. 

Machhlophua apilonotua 
aubviridia, 

Machhhphua xanthogenya 
xamthogenya, 

Machhlophua xaiUhogmya 
aphnotua. 

JSgithaliacua concinnua 
iredalei, 

^githdliacua niveogularia, 

JEgitkdliacva hachiatoa, 

MehnocMora aultanea 
auUanea, 

Family LANTID^. 

Laniua excubiior lahhra, 
Laniua viUtxtus» 

Laniua coUurioidaa, 

Laniua nigricepa nigrieapa, 

Laniua achach arythronckta. 
Laniua achach cameepe, 

Laniua tephamicim. 


F. B* L Bd. 

Silk mawanomaL 
venina* 
Sittafcmoaa, 
SiUafiwikiHa. 


Caphtdopyrua flammi^ 
capa. 


Paaua akieapa. 

Parua montieolua. 

Lophophanea cemo* 
diua^ 

Lophophanea ftt6u2i- 
vtaaitfia, 

Lophophanea baavani, 

Lophophanea dichroua. 

Sylviparua modeahia, 

Machhlophua apihno^ 
tua. 

Machhlophua apilono- 
tua. 

MachMophua xantho 
ganya. 

Machhlophua haph- 
notua. 

Mgiihaiiacua erythro- 
cephdlua. 

JEgitJudiacua niveogu- 
hria. 

Mgithaliacua ioachia- 
tua. 

Melanochlora auUama. 


Laniua lahhra. 
Laniua viUatua. 
Laniua coUurioidea. 
Laniua nigricepa. 

Laniua eryUironotua, 
Laniua erythromoua, 

Laniua tephronatua. 


JiBBOir. 

SUh cknaam/om^ 
vmiiria. 
Sittaformoaeu 
Ikn/drophUa fronkdia. 


Gaphdhpyrua ftanmU 
cepa. 


Parua cinereua. 

Parua montieolua. 

Parua omodive. 

Lophophanea rubidi- 
veniria. 

Lophophanea baavani. 

Lophophanea dichrmia. 

Sylviparua modaatua. 

Machhlophua apilitw- 

tua. 

Machhlophua apilino- 
tua. 

Machhhphua xanf ho- 
genya. 

Machhhphua jerdoni. 

JEgUhcdiacua erythro- 
caphahia. 

^githadiacua mveogv- 
laris. 

Mgithfilisrua iovarhis- 
toa. 

MelanocMora /mlian^a. 


Laniua lahhra. 
Lanins hardwickii. 

Laniua nigricepa. 

Laniua erythronotua. 
Laniua erythronahut, 

Laniua tephranc^ 
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Bboush Naxb. 

Hodoson. 

Tiokbll. 

0. F. Sharpb 

Cinjiamon-bellied 

Nuthatch. 

iii. pi. 22. 

vi. pi. 3. fig. 2. 

iii. pi. 8. 

Beautiful Nuthatch. 

— 

i. fig. 45 ; vi. pi. 2. 

— 

Velvet-fronted 

Nuthatch. 

iii. pi. 23 ; iv. pis. 166, 
167. 

vi. pi. 5. 

iii. pis. 7, 8. 


FireK)apped Tit- vi. pi. 44. 

Warbler. 


Indian Grey Tit. 

iv. pi. 164. 

— 

vi. pi. 51. 

Southern Grey Tit. 

— 

— 

vi. pi. 50. 

Green-backed Tit. 

iv. pis. 166. 166, 167, 

X. pi. 35. 

vi. pi. 51. 

Himalayan Coal Tit. 

iv. pi. 162, fig. 1 ; 
pi. 164, fig. 2. 


" 

Rnfous-bellied Crested 1 

iv. pi. 162, fig. 4. 

— 

— 

Tit. 

Sikkim Black Tit. 

iv. pi. 163. 

— 

vi. pi. 49. 

Brown crested Tit. 

iv. pi. 162, fig. 3. 

— 

vi. pi. 48. 

Yellow-browed Tit. 

iv. pi. 160 ; pi. 162, 
fig. 6. 

— 

vi. pis. 42, 43. 

Northern Black-spotted 

iv. pi. 168. 

— 

vi. pis. 53, 54. 

Yellow Tit. 

Burmese Black-spotted 

— 

i. fig. 336 ; ii. fig. 428 a. 

— 

Yellow Tit. 

Northern Yellow-cheeked iv. pi. 166, fig. 2 ; 

Tit. pi. 167, fig. 1. 

■ 

vi. pi. 53. 

Southern Yellow- 

— 

— 

vi. pi. 62. 

cheeked Tit. 

Bed-headed Tit. 

— 

i. fig. 134. 

vi. pi. 46. 

White-throated Tit. 

— 

— 

vi. pi. 47. 

Bufous-fronted Tit. 

iv. pi. 162, fig. 2. 

— 

vi. pi. 46. 

Indian Sultan Tit. 

iv. ]»1. 169, figs. 2, 3. 

i, fig. 117. 

vi. pi. 5,6. 


Indian Grey Shrike. 

Bay-backed Shrike. iii. pi. 26, fig. 2. 

Burmese Shrike. 

Indian Blaok-headed iii. pis. 28, 29, 30, tig. 3. 


Shrike. 

Bufoufl-baoked Shrike. iii. pis. 26, 32, fig. 3. 

Southern Eufous- 

backed Shrike. 

Giey-baoked Shrike. iii. pis. 26, 27 : 

iv.pl. 137. fig. 1. 

Proc. Zool. Soo. — 1930, No. XXXVll. 


vii. pi, 8. 
vii. pi. 11. 

i. fig. 309 ; vii. pi. 12. 
vii. pi. 10. 

vii. pi. 9. 


iii. pi. 10. 

iii. pis. 10, 17, 18. 

iii. pis. 14, 16. 


iii. pis. 11, 19 (upper 
figure). 

iii. pis. 12. 13. 


37 
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ALTcaNATivs Namb. F. L 2BD Ed. 

F. B. I. IBT Ed. 

dVUDdXS, 

Lanina cri^aiua eriakikia. 

Lamina eriataina. 

Lanina oriakdna. 

Lanina criaUUna iaabeUinua, 

Lanina iaabdlinna. 

Lanina arenartna. 

Hemipua pictdua picatna. 

Hamipaa pkalna. 

Hemipua pkatua. 

Taphrodomia pdma pelviea. 

Tephrodomia pelvicua. 

Tephrodomia pdvka. 

Tephrodomia pdvica aylvi- 

Tephrodomia aylvi-^ 

Tephrodomia aylvi- 

cola. 

cola. 

cola. 

Tephrodomia pondiceriana 

Tephrodomia pondi- 

Tephrodomia pondi- 

pondiceriana. 

cerianna. 

ceriana. 

Family AHTAMIDiE. 

Artamna fuacua. 

ArUrnua fuacua. 

Artamua fuacua. 

Family SYLVIID^. 

Acrocephalna atentoreua 

Acrocephalna aien- 

Acrocephalna bmn- 

hmnneacena. 

toreua. 

neaeena. 

Acrocephalna arundinaceua 

Acrocephalna orienla- 

— 

orientdlia. 

lia. 


Acrocephtdua dnmeiorum. 

Acrocephalna dume- 

Acrocephalna dume- 


tomm. 

tomm. 

Tribura luteovenlria. 

Tribura hdeiventria. 

Tribura luteoventria. 

Tribura thoradca thoracica. 

Tribura Ihoracica. 

Horomia flaviventria. 

OrthoUmua autoriua atUorina. 

Orthotomua autoriua. 

OrthtAomua Umgicanda, 

Orthotomua autorina patia. 

OrthoUmua aulorina. 

OrthoUmua longieanda. 

Oiaticola juncidia curaiUma, 

Ciatioola curaitana. 

Ciatioola achcenicola. 

FranJdinia graeilia. 

Franklinia gracilia. 

Prinia hodgaoni. 

Franklinia buchanani. 

Franklinia buchanani. 

Franklinia buchanani. 

FranMinia cinereocapiUa, 

Franklinia ciimeica^ 
pma. 

Prinia cinereocapiUa. 

Megalnma paluatria. 

Megeduma paluatria. 

Megalnma paluatria. 

Phragmaticola a^don. 

Arundinax a?don. 

Amndinetx oUvacena, 

Sylvia (mrmca affinia. 

Sylvia affinia. 

Sylvia curmca. 

Phylloacopna affinia. 

PhyUoacopna affinia. 

Phylloacopua affinia. 

Phylloacopua proregvlua 

Phylloacopua pro- 

Heguloidea chloro- 

neudoni. 

regulua. 

notua. 

Phyiloaeopna hnmei Phylloacopna humii 

PhyUoacopna auper- 

Beguloidea proregulna. 

premium, premium. 

cUioaua, 


PhyUoacopna coU^Una IriaHa. 

PhyUoacopna Uridia, 

Phjfioaeopua triada. 

Phyttoacopua fuliginivenler. 

PhyUoacopna fuligini- 

Horomia fuUgini- 


ventria. 

venter. 

PhyUoacopna pukhar pukhar^ 

PhyUoacopna pukhar. 

Beguhkka erochroa. 



WATKBGOIiOUR PAINTINGS Op BIRDS OF INDIA. 


567 


Ehousk Navb. 

Hodgson. 

Tickbld. 

0. F. Sharpe. 

Brown E^ke. 

iii. pis. 31, 32, fig. 5. 

vii. pi. 13, 

iii. pis. 19 (lower 

Pale Brown Shrike. 




figure), 20. 

Iii. pi. 21. 
iii. pis. 21, 25. 

Black-backed Pied 
Shrike. 

— 

vii. pi. 24. 

Nepal Wood-Shrike. 

iii. pi. 30, ^ 1, 2 ; 
pi. 32, figs. 1, 2. 

vii. pi. 23. 

iii. pi. 22. 

Malabar Wood-Shrike. 

— 

' 

iii. pi. 23. 

Indian Common Wood- 
Shrike. 

iii. pi. 32, fig. 4. 

vii. pi. 22. 

iii. pi. 24. 


Ashy Swallow-Shrike. 

iii. pi. 62. 

vii. pi. 1. 

iii. pi. 43. 

Indian Great Reed- 
Warbler. 

iv. pi. 60, fig. 1. 

— 

V. pi. 62 (lower 
figure). 

Eastern Great Reed- 
Warbler. 


ii. fig. 430. ? under 

name of AcrocepJudus 
obecurua. 

Blyth's Reed-Warbler. 

iv. pis. 61, 62, 63. 

— 

— 

Brown Bush-Warbler. 

iv, pi. 64. 



Spotted Bush-Warbler. 

iv. pi. 66, figs. 1, 3. 

— 


Indian Tailor Bird. 

— 

— 

V. pi. 60. 

Burmese Tailor Bird. 

iv. pis. 70, 71. 

ii. fig. 416. 

— — 

Streaked Fantail 

iv, pi. 73. 

— 

V. pi. 53 (lower figun ) 

Warbler. 

Franklin's Wren- 

— 

— 

V. pi. 53. 

Warbler. 

Rufous-fronted Wren- 

iv, pi. 08. 

— 

V. pi. 60. 

Warbler, 

Hodgson's Wren-Warbler, iv. pi. 72. 

— 

— 

Striated Marsh-Warbler. 



i. fig. 109 ; xi. pi. 2.3. 

iv. pi. 88. 

Thick-billed Warbler. 

— 

I. fig. 310. 

V. pi. 52 (upp(*r figun*;. 

Indian Lesser White- 

— 

— 

V. pis. 60, 71. 

throat. 

TickeU's Willow- 

iv. pis. 86, fig. 3 ; 87 

ii. fig. .350. 

V. pis. 01, 6.3, 64. 

Warbler. 

Pallas’s Willow- 
Warbler, or 

iv. pis. 86, fig. 5 ; 

88. 

— 

V. pis. 61 ?, 65. 

Yellow-mmped 

Willow-Warbler. 

Crowned Willow- 

— 

— 

V. pi. 61. 

Warbkr. 

Brown Willow-Warbler. 

— 

— 

V. pi. 62 

Smc^ Willow- Warbler. 

iv. p). 66, fig. 2. 

— 

— 

Nepal Orange-bamd 
WHkiw.Warbler. 

iv. pis. 85 , fig. 3 ; 

167, fig. 9. 

— 

— 
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A GLASSIFICATION OF TUB ORIGINAL 


m 


Altbrnatitb Namb. F. B. I. 2kp Ed^ 

Phyttoscopua ffriaeolua PhyUoacopus griMclua, 
gtiaedfis. 

AcantAopneudte nUidua niH- 
dua. 

Acanihopneuate magniroatria. 


AcarUhopneuate Acanthopneuale lugubria, 

trochiloidea, 

AcarUhopnmaU occipitalia 
ocdpiUdia. 

AearUKopnau^ regu^ Acanthopneuate trochiloidea 

loidea reguloidea. trochihidea. 


Seicercua affinia, 

Seicercua hurkii burkti. 

Seicercua xanthoachia- Seicercua xanthoachiatua 
toa xanlhoachiatoa, xarUkoachiatua. 

Seicercua xanthoachiatua 
olboauperciliaria. 

Seicercua poliogenya. 

Seicercua caataneocepa caata- 
neocepa, 

Abromia auperciliuria auper- 
ciliaria. 

Abromia auperciliaria acdwi- 
nenaia, 

Abromia achiaticepa schiati- 
cepa, 

Tickellia hodgaoni, 

Neomia flavoKvaceua fiavoli- 
vaceua, 

Horomia fortipea fortipea, 

Horomia paUida pallida Horomia paUidua paUidm. 
rorreot spelling. 

Horeitea brunnifrona, 

Suya crinigera crinigera. 

Suya atrogularia atrogularia. 

Prinia flaviverUria flaviven- 
tria, 

Prinia aocialia aockdia. 

Prinia aocialia atewartL 

prinia af/lvaUca aylvatica* 


F. B. 1. IsT Ed. 

Ph^fioacopua indicua, 

Acanthopneuate niU^ 
dua, 

Acanthopneuate mag- 
niroatria, 

Acanthopneuate Ivgu- 

6m. 

Acanthopneuate occipi- 
talia, 

Acanthopneuate trochi- 
loidea. 


Cryptolopka affinia, 

CryUdopha burkii, 

Crypiolopha jerdoni, 

Cryptohpha xaniho- 
achiata, 

Cryptohpha polio- 
genya. 

Cryptohpha caatanei- 
cepa, 

Abromia auperciliaria, 

Abromia auperciliaria, 

Abromia achiaticepa, 

TiekeUia hodgaoni, 

Neomia fiavolivaceua, 

Horomia fortipea, 

Horomia paUidua, 

Horeitea brunneifrona, 

Suya crinigera. 

Suya atrigularis. 

Prinia flaviventria, 

Prinia aodalia, 

Prinia aocialia. 

Prinia aylvatka, 


Jbrdok. 

PhyGoacopua indieus. 

PhyUoaeopua vmda- 
nua, 

PhyUoaeopua magni- 
roatria, 

PhyUoaeopua lugu- 
btia, 

JReguhidea occipitalia, 

Heguhidea trochi- 
loidea. 

Jteguhidea viridi- 
pennia. 

Abromia affinia. 

Culicipeta burhii, 

Abromia xanthoachia- 
toa. 

Abromia alhoauper- 
dliaria, 

Abromia poliogenya, 

Abromia caataneo- 
cepa. 

A bromia flaviventria, 

A bromia flaviventria. 

Abromia achiaticepa. 

TiekeUia hodgaoni, 

Neomia flavolivacea. 

Horomia fortipea. 


Horeitea brunneifrona. 

Suya criniger. 
iSuyafuliginoda, 

Suya atrogularia, 

Prinia flaviventria, 

Prinia aocialia, 

Prinia atewartL 

J>ymoipua affivaticua. 
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jSKOLXaH Kams. 

Hodqsok. 

Tiokbll. 

C. F. Sharpe. 

Olivaceous Tree- 
Warbler. 

— 

— 

V. pi. 65. 

Green Willow- Warbler. 

iv. pis. 88, fig. 8 ; 

171, fig. 6. 

— 

V. pis. 62, 64. 

Large-billed Willow- 
Warbler. 

iv. pi. 86, fig. 9. 

— 

V. pi. 61. 

Bull Green Willow- 
Warbler. 

— 

— 

V. pi. 61. 

Lai^e Crowned Willow- 
Warbler. 

— 

— 

V. pi. 65. 

Blythes Crowned 
Willow-Warbler. 


ii. fig. 349. 

V. pis. 64, 65, 66 

Allied Flycatcher- 
Warbler. 

iv. pi. 92. 

— 

V. pi. 66. 

Black-browed Fly- 
catcher-Warbler. 

iv. pi. 89. 

— 

V. pis. 64, 66. 

Grey-headed Warbler. 

iv. pis. 90, 157, fig. 8. 

— 

V. pis. 66, 68 ?, 69. 

Kashmir Grey-headed 
Warbler. 

— 

— 

V. pi. 69. 

Grey-cheeked Fly- 
catcher-Warbler. 

— 

— 

V. pi. 69. 

Chestnut-headed Fly- 
catcher-Warbler. 

iv. pis. 85, fig. 4 ; 93. 

— 

V. pi. 70. 

Yellow-belUed Fly- 
oatoher-Warbler, 

iv. pi. 91. 

— 

— 

Burmese Yellow-bellied 
Flycatcher-Warbler. 

— 

ii. fig. 389. 

— 

Black-faced Flycatcher- 
Warbler. 

iv. pi. 85, fig. 6. 

— 

V. pi. 67. 

Broad-billed Flycatcher- 
Warbler. 

iv. pi. 94. 

— — 

— 

Aberrant Warbler. 

iv. pis. 81, 82, 83, 84. 

— 

— 

Strong-footed Bush- 
Warbler. 

iv. pi. 80. 

— 

— 

Pale Bush- Warbler. 

— 

— 

V. pi. 69. 

Rufous-capped Bush- 
Warbler. 

iv. pis. 67, fig. 1 ; 68, 69. 

— 

V. pi. 60. 

Brown Hill-Warbler. 

iv. pi. 76, figs. 1, 3. 

— 

V. pis. 67, 60. 

Black-throated Hill- 
Warbler. 

iv. pi. 74. 

— 

V. pi. 68. 

Yellow-bellied Wren- 
Warbler. 


i. fig. 142. 

— 

Ashy Wren- Warbler. 

— 

— 

V. pis. fit, 66. 

Steif^'s Ashy Wren- 
Warbler. 


_ 

V. pi. 63. 

Jungle Wien- Warbler. 

— 

— 

V. pis. 55, 56. 




A t)liA8iiVtCATlC^ Of tH« OfItOXNAt 


AvmtatkmE Kamb. F. B. 1. 2nd Bd. 

F. B. I. l8T Ed. 

Jibrdon. 


Prinia inomaita iiMmakk, 

Prinia inomata. 

Brymoipua inomatue. 


Prinia iTwnuUa hwrnmica, 
Prinia immata jerdoni. 

Prinia inornata, 

Prinia jerdotU, 

Drymoipua inometua, 
Drymoka jerdoni. 


Family TURDID^. 




Subfamily Bbaohtptebtoin jb. 



Brachypteryx nu^ major, 

Larvivora brunnea, 
Heteroxenicus nipalensis 
nipalenais, 

Hekroocenicua cruralis. 

Brachypteryx rufiven- 
tria, 

Laurviwra brunnea, 
Drymochairea nipdkn- 
ak, 

Drymocharea orwraik 

KaUene rufiventria, 

Larvivora cyana, 
Brachypteryx nipa- 
lenaia, 

Brachypteryx cruraha. 


Hodyaoniua phcenicuroidea 
phanicuroides. 

Hodgaoniua phoenicu* 
roidea. 

Hodgaoniua phomku 
roidea. 


Subfamily SAXiooLiKis. 




Saxtcola caprata bicolor. 

Pratincola caprata. 

Pratincola caprata. 


Saxicola caprata atraia. 

Pratiiicola atrata 

Pratincola airata. 


Saxicdta torguata indica. 

Pratincola maura. 

Pratinccia indka. 


Orekola ferrea ferrea. 

Orekola ferrea. 

Pratincola ferrea. 


(Enanthe picata, 

QSnanthe opistholeuca. 

Saxicola picata, 
Saxicola opiatholeuca. 

Saxicola picata. 
Saxicola kucuroidee. 


(Enanthe aenanthe tmanthc, 
(Enanthe deaerii atrogviaria, 
Cercomda fuaca. 

Saxicola amanthe, 
Saxicola deaerti, 
Ceroomelafuaca, 

Saxkdla cananthe, 
Saxicola deeerti, 
Ceroomdafueca, 


Subfamily Enioubin^b. 




Enkurua maculaiua macula* 
tua, 

Enkurua maculatua gvtUdua, 

if enkurua maculatua, 

Henkurua guUatua. 

Enkurua maculatua, 

Enkurua maculatua. 


Enkurua echiataceua, 
Enkurua immacvtatua, 

HydaoekhkfrontaUa. 
MkrockMa acoukri aooukri. 

Henkurua echiataceua, 
Henkurua immaeula* 
tua, 

Hydrookhlafiontalia, 
Mkmekhla acoukri. 

Enkurua echiataceua. 
Enkurua immaeula* 
tua, 

Enkurua aeouleri, 
Enkurua nAgrifrona, 


Subfamily Pxibn xo tJBXN ab. 



Phcankurua p^aankurua 
phamkufua. 

ButkiUa phamkum. 

BuMUa pkeankura. 
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EKouaa Nami. 

Honoson. 

Tiokell. 

Indian Wren-Warbler. 

iv. pi 76. 

— 

Burmese Wren-Warbler. 
Ceylon Wren- Warbler. 

— 

il fig. 426. 


BufouB-bellied Short 

Wing. 

Indian Blue Chat. iii. pi. 99, figs. 4, 5. 

Nepal Short Wing. iii. pis. 104, 106, 106 

(2 right hand figures). 

White-browed Short iii. pj. 100, figs. 1, 2, 3. 
Wing. 

Hodgson’s Short Wing. iii. pis. 109, 110. 


Northern Indian Pied 
Bushchat. 

Southern Indian Pied 
Bushchat. 

Indian Stonechat. 

Western I)ark-groy 
Bushchat. 

Pied Chat. 

Strickland’s Chat or 
Indian White- 
tailed Stonechat. 

Wheatear. 

Gould’s Desert Chat. 

Brown Book Chat. 


iv. pis. 34, 40, fig. 4. i. fig. 86. 


iv. pi, 36, figs. 1, 2, 6 ; i. fig. 346. 
pis. 37, 38, 39. 

iv. pi 40, figs. 1, 6 ; ii. figs. 384 a, 429 b, 
pi. 41 ; pi. 42, nest. 


iv. pi 40, figs. 3, 6. 


Western Spotted 
Forktail 

Eastern Spotted Fork- 
tail 

Slaty-baoked Forktail 
Blaok-baoked Forktail 


iv, pis. 96, 96, fig. 1. 


iv. pis. 99, 100. 
iv. pi 98. 


i. fig. 96. 
i. fig. 96. 


White-orowned Forktail iv, pi 102. 
Little Forktail. iv. pi. 101. 


European Redstart. 
Nole.— Very rare, not 
noted in the F.B.I. 
Sod ad. 


C. F. Shaupb. 

V. pi 65 (2 upper 
figures). 

V. pi 66 ?. 

iii. pi 09. 

V. pi 46. 

iii. pi 70. 

V. pi. 32. 

V. pi 33. 

v. pi. 34. 

V. pis. 35, 36, 37 39. 

V. pi 38. 

V. pi 40. 

V. pi 41. 

V. ids. 40, 41. 

V. pi 39. 

vi. pis. J, 2 (upper 
figure). 

vi. pi. 2 (lower figure) 
vi. pi 3. 

vi. pis. 4, 5. 

V. pi 42. 
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A OIiAfSf FtCATlOH OF tBB ORIGINAL 


Altbrnathts Nami. F. B* I. 2ni> Bo. F. B. I. Ist Ed. Jbbdon. 

Plumicurtui ffonkdia Phcmicurw fronitdU$» RiUicilh frtmtaUt, JMiciUa frontaUs, 

fnmkdie, 

Phcmowrua schUikepe, BvHciUa achUUcepa, BuUciUa ichkUcepe, 

PhomicurtM kod^aom, RiUiciUa hodgaoni. RwUciUa hodgsonii, 

Phcmicfurue ochrurue rufi- RuHdUa rufivewtris, RuUciUa rufiveiUrie. 

ventria, 

Chaimarrhomia leucocephala. Chimarrhomia leuco- Chcemorromia Uuco- 

ceplrnkte, cephuUa, 

Rhyacomk fvliginoea ftUigi- Rhyacomia fidigino- RuitoiUafidiginoaa, 
noaa, aua. 

Cyanoaylvia avecka Cyanoaylvia auecka suecica. Cyanectda auecAca, CyaneuUa auecka, 

avecka oorreot 
spelling. 

Qrandak ccdkolor. Grmddla ccdkokf. Orandala cadkohr. 

CdUiope calliope* Calliope canUaehal- Gallkpe kamachal- 

kenak* kenak. 

Calliope pectoralk jtedoralk* Calliope pectoralk. Calliope pectordlk. 

Janthia cyanura rufikUa. Janthia rufllata. latUhia cyanura, 

Janthia indka indka^ Janthia indka* lamthia auperdliark. 

Janthia hyperythra. Janlhia hyperythra. Janthia hyperythra. 


Addura comdeocephala, Addura cceruleice- RutkiUa coaruleocs- 

phala, phala, 

iV otodda kncura. Notodda kucura, Myiomda leucura. 

SaxkokidM ftdkata cam~ Thamnobia cam- Thamnobia cam- 

baienak. baknak, baknak. 

Copaychua aaulark aaulark, Copaychaa aaulark, Copaydvua aaaUark. 

Kittacincta macroura Kittacinda macroura indica, CiUocincla macrura, Kittacinda maoroura. 
rnadabarka* 

Subfamily Turd in jb. 

Turdua fnenila aimittimua, Merula amillima* Mervla aimillvma. 

Turdua merula albocinctua. Merala dUndncta, Mertda albodncta, 

Tvrdua bovlbouL Mervla botUbovl* Mervla bovlhovl, 

Tvrdva cadanma eaekmeua, Mervla caatanea* Mervla raakmaa. 

Tvrdva eunomua. Mervla fuaeata. J^kmeatkve fvacatua* 

Tvrdva rvfieoUk, Mervla ruficoiUk, Planeatkua rvficoUk 

Tvrdva atrogvlark* Mervla atriguJark* Pkmestkva atrogvlark. 

Tvrdva vnkokr* Mervla vnkdlor. Qaoekkla unkokr. 


Tvrdva obaevrva obacvrva. Mervla oftseum. 



Ekolibh Nakb. 

Bluo-fronted Redstart. 

White-throated 

Redstart. 

Hodgson’s Redstart. 

Indian Redstart. 

White-oapped Redstart. 

Plumbeous Redstart. 

Iiapland or Red-spotted 
Bluethroat. 

Hodgson’s Grandala. 

Common Ruby Throat. 

Himalayan Ruby Throat. 

Red -flanked Bush- 
Robin. 

White-browed Bush- 
Robin. 

Rufous- bellied Bush- 
Robin or Rusty- 
throated Blue 
Woodohat. 

Blue-headed Robin. 

White-tailed Blue 
Robin. 

Brown-baokod Indian 
Robin. 

Indian Magpie-Robin 
or Dayal Bird. 

Indian Shama. 


Nilgiri Blaokbiid. 
White-oollared Black- 
bird. 

Grey-winged Blackbird. 

Grey-headed Thrush. 
Dusky Thrush. 
B^-throated Thrush. 
Biaok-throated Thrush. 

Tiokell’s Thrush. 
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Hodgson. 

Tickbll. 

C. F. Sbarpb. 

iv. pi. 48, figs. 3, 4. 

xi. pi. 13. 

V. pi. 43 (upper figure) 

iv. pi. 46. 

— 

— 

iv. pis. 48, %. 1 ; 

49, fig. 1. 

— 

V. pi. 43 (lower figure) 

iv. pi. 49, fig. 6. 

xi. pi. 14. 

V. pi. 43 (middle 
figures). 

iv. pis. 36, fig. 3 ; 45, 61. 

— 

V. pis. 44, 46. 

iv. pis. 36, fig. 4 ; 60. 

xi. pi. 16. 

V. pi. 44 ; vi. pi. 3. 

iv. pL 69. 

— 

V. pis. 60, 61. 

iv. pi. 31. 

_ 


— 

1. fig. 313. 

V. pi. 50. 

iv. pi. 58, figs. 2, 3, 4. 

— 



iv. pi. 63. 

— 

V. pi. 47. 

iv. pi. 66. 

— 

V. pi. 49. 

iv. pis. 64, 66. 

— 

V. pis. 46 $,48 

iv. pi. 49. fig. 9. 

— 

— 

iv. pis. 30, 68, fig. 1. 

— 

V. pi. 34. 

iv. pis. 32, 33. 

1, fig. 88. 

V. pi. 32. 

iv. pis. 27, 28. 

1, fig. 279. 

V. pi. 30. 

iv. pi. 29, 

1, fig. 87. 

V. pi. 31. 


— 

— 

iv. pis. 21, 22, 

iii. pi. 138. 

viii, pi. 22. 

iv. pi. 26. 

iii. pis. 134, 136, 136, 

viii. pi. 16. 

iv. pis. 23, 24. 

137. 

iii. pi. 139. 

— 

iv. pi. 26. 

iii. pi. 143. 

— 

— 

iii. pis. 140, 141, fig. 2. 

viii, pi. 16. 

— 

iii. pis. 141, 142. 

viii. pi. 17. 

iv. pis. 27, 28, 29, 30 1 
31 ?. 

iii. pis. 128, figs. 1, 2 ; 

— 

iv. pi. 19. 

130.fi8b2.S; 131. 

' 

L fig. 344; viii.pl. 18; 
z.pL14, 

— 


Dark Thmih. 
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ALTSKNATiva Nami. F. B. I. 2ko Ed« 

F. B. I. iBT Ed. 

JSBDOIt. 

Oeokichia mrdi oorreot Oeocichla wardi. 

Oeocidda toardi. 

TurdiUua toardi. 

spelling. 

Oeokkhia cUrina cii- Oeocichla cUrina eUrina. 

Oeocichla cUrim, 

Oeocichla cUrina. 

rina. 

Oeokichla cUrina cya- QcockUa cUrina cyancdia. 

Oeocichla cyanonotua. 

Oeocichla cyanota. 

notia. 

Turdua viadvortta ArcetUkomia viaciwrua bom- 

Turdua viacivorua. 

Turdua hodgaoni. 

bomparUi. partei. 

Oreocinda dauma danma. 

Oreocinda dauma. 

Oreocinda dauma. 

Oreoeinda dauma nilgirien- 

Oreocinda nilgirien- 

Oreocinda nilgiricn- 

aia. 

aia. 

aia. 

Oreocinda molliaaiina moUia- 

Oreocinda rnoUiaaima, 

Oreocinda moUiaaima. 

aima. 

Zooihtra motUicola. 

Zoothera moniicola. 

Zovihera moniicola. 

Zooihtra marginata. 

Zoothera marginaia. 

— 

MofUkola erythrogaaira. 

Petrophila erythro- 

Orocetea erythro- 


gaaira. 

gaaira. 

Moniicola cindorhyncha. 

Petrophila cindo- 

‘ Orocdea cindo- 


rhyncha. 

rhyndma. 

Moniicdla aoliiaria jandoo. 

Petrophila cyanua. 

Peirocoaayphua 

Moniicola aolUaria ajfinia. 

Petrophila cyanua. 

cyaneua. 

Petrocoaayphus 

Myiophomua horafiddii. 

Myiophoneua hora- 

cyaneua. 

Myiophonua hora- 


Jiddi. 

fiddii. 

Myiophon&ua temminckii 

Myiophoneua tern- 

Myiophonua tem- 

temmiTickii. 

minckii. 

minckii. 

Cochoa purpurea. 

Cochoa purpurea. 

Cochoa purpurea. 

Cochoa viridia. 

Cochoa viridia. 

Cochoa viridia. 

Funily FBUNELLID^. 

Laiacopua coUaria nipalenaia. 

Accentor nepalenaia. 

Accentor nipalenaia. 

LtUacopua himalayanua. 

Accentor hirnalayanua. 

Accentor dUaicua. 

PruneUa itnmarvlaia. 

Tharrhaleua immacu- 

Accenfor imma/cu- 


latua. 

lahia. 

PrutiaUa rubecuioidea. 

Tharrhaleua rubecu- 

Accentor rubeou- 


loidea. 

loidea. 

Prunella atrophiaia 

Tharrhaleua drophiatua Accentor atrophkUua, ‘ 

atrophiaia. 


• 

FMUily CINCLIDiE!. 

Cindua paUaaii tenuiroatria. 

Cindua aaiaticua. 

jffydrobata aaiatiea. 

Family TROGLODYTID-aE. 



TfoglodyUa troglodytea 

Anorthura nepalenaia. 

Troglodytea nipalenaw 

tUpalenaia, 



BNaZJBH Naxb* 

Pifid Giound-Thrash. 

Orange-headed Ground- 
Thrush. , 

White-throated Ground- 
Throsh. 

Himalajan Bfistle- 
Thnish. 

SmaU-billed Mountain- 
Thrush. 

Nilgiri Thrush. 

Plain-backed Mountain- 
Thrush. 

Large Brown Thrush. 

Lessor Brown Thrush. 

Chestnut-bellied Book- 
Thrush. 

Blue-headed Book- 
Thrush. 

Indian Blue Book- 
Thnish. 

Burmese Blue Book- 
Thrush. 

Malabar Whistling- 
Thrush. 

Himalayan Whistling- 
Thrush. 

Purple Thrush. 

Green Thrush. 


Eastern Alpine Hedge- 
Sparrow. 

Altai Hedge-Sparrow. 
Maroon-baoked Hedge- 
Sparrow. 

Bobin Hedge-Sparrow. 

Rufous-breasted Hedge- 
Sparrow. 


Indian Brown Dipper. 


WATEECOLOUll 

Hodosoit. 

iii. pis. 125, fig. i ; 

132, fig. i. 
iii. pis. 128, fig. 3 ; 

129, neat. ; 130, fig. 1. 


iii. pis. 132, fig. 2 ; 

144, fig. 2. 
iii. pi. 146, fig. 2. . 


iii. pis. 144, fig. 1 ; 145. 

iii. pis. 118, 119, 120. 

iii. pis. 122, 123, 124, 
nest. : iv. pi. 130, 
fig. L 

iii. pis. 125, figs. 3, 4 ; 
127, young. 


iii. pl. ill, 112, 113. 

iv. pis. 127, 128, 129, 
130, fig. 2. 

iY. pL 131. 


iy. pi. 171, figs. 1, 2. 
iv. pi. 172. 

iv. pis. 170, 171, fig. 3. 
iv. pi. 174. 
iv. pi. 173, nest. 


iii. pi. 117, fig. 1 ; 
fig. 2, young. 


OF BIRDS OF INDIA. 
TlOKIHJi. 

viii. pi. 14. 

viii, pi. 20 : X. pi. 11. 

viu. pi. 19 ; X. pi. 13. 

i. fig. 311 ; viii, pi. 10. 
viii. pi. 12. 

i. fig. 89 ; viii. pi. 13. 

viii. pi. 11. 

i. fig. 94 ; viii. pi. 4. 

X. pi. 20. 
i. fig. 150. 


viii. pi. 9. 
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0. F. Shabfe. 
iv. pi. 20. 

iv. pis. 17, 18. 

iv. pis. 34, 35. 
iv. pi. 36. 
iv. pis. 32, 33. 
iv. pi. 9. 

IV. pis. 12, 13, 14. 

iv. pis. 14, 15, 16. 
iv. pi. 1 1 . 

iv. pi. 1. 
iv. pis. 2, 3. 

VI. pi. 20. 


Vi. pi. 56. 

vi. pis. 57, 58. 

iv. pi. 8. 


painUnos 


Nepal Wren. 


iii. pi. 102 : iv. pis. 49, 
fig. 4; 157, fig. 10. 


ii pi. 68. 
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AcJTBBirATZva Kamb. F. B. I. 2ni> Bp. F. R I. 1$t Bp. 

JaatPOK. 

SpelteomU eaudatuB. 

Urocichla caudata. 

Pnoepyga caudata. 

Pnoepyga Bgwunata equamaia. 

Pnoepyga aquamala. 

Pnoepyga agmmata. 

Pnoepyga puaiUa pusiUa, 

Pnoepyga puailla. 

Pnoepyga puaiUa. 

Team cymwenier eyarU^ 

Teaia cyaniventria. 

Teaia cymiventer. 

venter. 

Teaia caekmeocoronata 

Oligura caataneicoro- 

Teaia caataneo- 

caakmeocoronata. 

nata. 

coronata. 

Family TIMALIID^. 

Subfamily T i m a l 1 1 n -aj. 

Dryonastea ruficollis. 

DryonaaUa ruffioWa. 

Garrulax ruficollia. 

Dryonaaks ctmUatua 

Dryonaatea caxulatua. 

Garrulax cceruhlua. 

ccerulatua. 

Dryonaaies cMnenaia letm- 

Dryonaatea chinenaia. 

— 

genya. 

Garrulax leucohphua leuco- 

Garrulax leucohphua. 

Garrulax leucohphua. 

lophua. 

Garrulax leucohphua 

Garrulax belangeri 

- ■ 

bdangeri. 

Garrulax pectoralia pecioralia. 

Garrulax pecioralia 

Garrulax pecioralia 

Garrulax pectordlia temi- 

Garrulax pecioralia. 

Garrulax pecioralia. 

iorquata. 

Garrulax moniliyer moni’ 

Garrulax moniliger. 

Garrulax moniliger. 

liger. 

Garrulax albogularia 

Garrulax albigularia. 

Garrulax albogularia. 

dlbogviaria. 

Garrulax atrepitana. 

Garrulax atrepitana. 

— 

lanthocincla ocellata. 

lanthocincla ocellata. 

Garrulax ocelUUua. 

lofUhocinda ru/ogularia 

lanthocincla rufo^ 

Trochahpteron rufo- 

rvfoguiaria. 

gularia. 

gulare. 

Troehahjaeron Trochdhpterwm erythro- 

Trochalopterum ery- 

Tfochalopteron ery- 

oorreot spelling. cepkakim erythrocephalum. 

throcepluAum. 

throcephalum. 

Trochdlopterum erythro^ 

Trochalopterum 

Trochahpteron 

cephAum chryaopterum. 

chryaopterum. 

chryaopterum. 

Trochalopterum pheeniceurn 

Trochalopterum 

Trochahpteron phtmi- 

phoeniceum. 

phomiceum. 

ceum. 

Trochalopterum aubunicohr 

Trochalopterum aub- 

Trochahpteron aubuni- 

aubunkolor. 

unicohr. 

color. 

Trochalopterum affine affine. 

TrochoAoplerum 

Trochahpteron affine. 

Trochalopterum lariegatum 

affine. 

Trochalopterum larie- 

Trochahpteron varic- 

variegalum. 

gatwm. 

gatum. 

Trochalopterum aquamatum. 

Trochalopterum 

Trochahpteron aqnam- 


aquamatum. 

aturn. 
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Enoush Nante. 

Hodgson. 

Tiokell. 

C. F. Sharpe. 

Tailed Wren. 

iii. pi. 101. 

Tin. pi. 2, fig. 2. 

iii. pi. 66. 

Soaly-lweasted Wren. 

iii. pis. 97, 98, 99, fig. 3 ; 
100, figs. 1, 4. 

viii. pi. 2, fig, 1. 

— 

Brown Wren. 

iii. pi. 100, fig. 5. 


- - 

Slaty-beUied Wren. 

iii. pis. 96, 100, fig. 2. 

viii. pi. 1, fig. 2. 

— 

Chestnut-headed Wren. 

iii. pis. 95, 100, fig. 3. 

i. fig. 143 ; viii. pi. L, 
fig. 1. 

iii. pis. 66, 67 


Rufous-necked Laughing 
Thrush. 

iii. pi. 191, fig. 2. 

xi. pi. 3. 

— 

Grey-sided Laughing 
Thrush. 

— 

i. fig. 112. 

iv. pis. 58, 59. 

Black-throated I.<augh- 
ing Thrush. 

— 

i. fig. 264. 

— 

Himalayan White- 
crested Laughing 
Thrush. 

iii. pis. 174, 175, nest ; 
176. 


IV. pi. 57. 

Burmese White-crested 
Laughing Thrush. 

' 

i. fig. 263. 

— 

Indian Black-gorgetod 
Laughing Thrush 

iii. pis. 180, 181, fig. 2. 


iv. pi. 62 

Burmese Black-gorgeted 
laughing Thnish. 

■ 

i. fig. 265. 


Indian Necklaced 
Laughing Thrush. 

iii. pi. 181, fig. 3, 182 

— — 

— 

White-throated Laugh- 
ing Thrush. 

iii. pis. 178, 179. 

X pi. 8. 

iv. pis. 60, 61 . 

Tickoll’s Laughing 
Thrush. 

— 

i. fig. 332. 

— 

White-spotted Laugh- 
ing Thrush. 

iii. pi. 181, fig. 3. 

— 

iv. pis. 63, 64. 

Rufous-chinned Laugh- 
ing Thrush. 

iii. pi. 188 


iv. pi. 72. 

Red-headed Laughing 
Thrush. 

iii. pi. 189. 

— 

iv. pi. 65. 

Shillong Yellow-winged 
Laughing Thrush. 

— 

— 

iv. pi. 06. 

Nepal Crimson- winged 
Laughing Thrush. 

iii. pis. 190, 101, fig. 1. 


iv. pi. 73. 

Plain-coloured Laugh- 
ing Thrush. 

iii. pi. 184. 

xi. pi. 4. 

iv. pis. 67, 69. 

Black-faced Laughing 
Thrush. 

iii. pi. 185, fig. 2. 


iv. pi. 70. 

Eastern Variegated 
Laughing Thrush. 

iii. pi. 185, fig. 1. 

xi. pi. 2. 

iv. pi. 68. 

Blue-winged Laugh 

iii. pi. 187, fig. 1. 

X. pi. 9. 

iv. pi, 71. 


ing ThniBh. 
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Altsbnativr Nams. F. B. I. 2rd B©. F. B. L Ibt Ed. 


Trochalop^rum cachinnana 
cachinnans, 

TrcychalopUrum linMiltum 
lineaium, 

Trochalopterum Uneatum 
grisekentiur. 

GrammcUopHla siriaia driata. 


Tft>chaibpteruin 
caekinnans, 
Trochaloptarum line- 
<Uvm» 

Trochaiopterum line- 
(Uum, 

Oramfnaioptila atriaia. 


Turdoidea terricolor terri- 
color. 

Turdoidea terricolor meda- 
htmcua. 

Argya earUi. 

Argya caudata caitdata. 
Argya makolmi. 


Crateropw canorua, 

Crateropua cancmta* 

Argya eadii. 

Argya caudata. 
Argya makolmi. 


Argya longiroatris. 

Pomatorhinua achiaticepa 
achiaiicepa. 

Pomatorhinua ferruginoaua 
ferruginoaua. 

Pomatorhinua ferruginoaua 
albigularia. 

Pomatorhinua horafiddi 
iravancorienaia. 

Pomatorhinua ruficolUa rufi- 
coUia, 

Pomatorhinua erytkrogenya 
erythrogenya. 

PomatorHwua hypoleucua 
hypokucua. 

Xiphoramphua (jorrcct. Xiphtramphua auperciliaria, 
spoiling. 

Timcdia pileata bevgalenaia. 


Argya longiroatfia. 

Pomatorhinua achiaii- 
cepa. 

Pomatorhinua ferru- 
ginoaua. 

Pomatorhinua albi- 
gularia. 

Pomatorhinua hora- 
fiddi. 

Pomatorhinua rufi- 
collia. 

Pomatorhinua erythro- 
genya. 

Pomatorhinua hypo- 
leucua. 

X iphorhamphua 
auperciliaria. 

Tirnelia pileata. 


Timalia pileata jerdoni. Timdia pileata. 


Dum-etia hyperythra. 
Oampaorhynrhua rufidua 
rufvlua. 

Oampaorhynchua rufulua 
torquaius. 

Pyctorhia ainenaia ainenaia. 


Dumetia hyperythra. 
Gampaorhymhua 
rufulua. 

Oampaorhynchua tor- 
quatua. 

Pyctorhia ainmaia. 


PeUomeum ruficepa man- 
ddlii, 

PeUomeum ruficepa auth 
oekraceum. 

Curaonia criapifroua. 


Turdimdua breivieaudatua 
bremca^idatua. 


PeUomeum man- 
deUii. 

Pdkrneum auth 
ochraceam, 

OypaopMla criapi- 
frona, 

Corythociehla brein- 


JffiSDOS. 

Troehalopteron cackin- 
nma. 

Troehalopteron UnC’ 
atvm. 

Troehalopteron line- 
alum. 

OrammatoptUa striata. 

Malacocifcua terri- 
color. 

Mdlaoocircua mala- 
barkua. 

Ghatarrheea earlei. 

Chatarrhm caudata. 

Malacocircua mal- 
cotmi. 

Pyctorhia longiroatria. 

Pomatorhinua achiati- 
cepa. 

Pomatorhinua ferru- 
ginoaua. 


Pomatorhinua hora- 
fiddii. 

Pomatorhinua rufi- 
coUia. 

Pomatorhinua erythro- 
genya. 

Xiphoramphua auper- 
riUatia. 

Timalia pileata. 

Timalia pileata. 

Dumetia hyperythra. 

Oampaorhynchata rufu- 
lua. 

Oampaorhynchua rufu- 
lua. 

Pyctorhia ainenaia. 

PeUomeum ruficepa. 
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Enoush Kamb. 

Hodgson. 

Tiokbll. 

0. F. SHABn. 

Nilgiri Laughing Thrush. 

— 

— 

iT. pb. 74, 70. 

Nepalese Streaked 
Laughing Thrush. 

iii. pi. 193, figs. 2, 3 ; 
pi. 200. 

— 

— 

Simla Streaked 

— 

— 

iv. pi. 76. 

Laughing Thrush. 

Striated Laughing 

iii. pi. 153. 

— 

iv. pi. 41. 

Thrush. 

Bengal Jungle Babbler. 

iii. pi. 203 T iv. pi. 60. 
flg.2. 

— 

iv. pi. 81. 

Southern Jungle 

— 

— 

iv. pi. 82. 

Babbler. 

Striated Babbler. 

— 

— 

iv. pis. 86, 87. 

Common Babbler. 

— 

i. fig. 108. 

iv. pis. 84, 85. 

Laige Grey Babbler. 

— 

— 

iv. pi. 83. 

Slender-billed Babbler. 

iii. pi. 156. 

- ■ 

-■ 

Slaty-headed Soimitar 

iii. pis. 169, 170, fig. 2. 

— 

iv. pi. 53 (middle figure). 

Babbler. 

(Joral-billed Scimitar 

iii. pi. 168. 

X. pi. 19. 

iv. pi. 56. 

Babbler. 

Blyth’s Scimitar 

— 

i. %. 339. 



Babbler. 

Southern Indian 

— 

— 

iv. pi. 66. 

Soimitar Babbler. 

Nepal Rufous-necked 
Scimitar Babbler. 

iii. pi. 165, 6gs. 1, 2. 

i. fig. 107. 

iv. pis. 52, 53 (upper 
figure). 

Rusty-cheeked Scimitar 
Babbler. 

iii. pis. 170, 171 nest ; 
172, fig, 1. 

— 

iv. pis. 53 (lower figure), 
54. 

Arrakan Scimitar 

— 

i. fig. 340. 

— 

Babbler. 

Slender-billed Scimitar 

iii. pi. 17,3. 

i. fig. 106. 

_ 

Babbler. 

Bengal Red-oapped 

iii. pis. 164, 165, fig. 3. 

— 

— 

Babbler. 

Burmese Red-oapped 

— 

viii. pi. 27, fig. 1. 

— 

Babbler. 

Rufous-bellied Babbler. 

— 

— 

iv. pi. 49. 

White-headed Shrike- 

iii. pi. 154. 

— 

iv. pi. 42. 

Babbler. 

Ring-neoked Shrike- 

— 

ii. fig. 381. 

— 

Babbler. 

Indian Yellow-eyed 

iii. pi. 156. 

viii. pi. 27, fig. 2. 

iv. pis. 43, 44. 

Babbler. 

Sfandelli’s Spotted 

iii. pi. 187, fig. 2. 

— 

iv. pis. 50, 51. 

Babbler. 

Malay Spotted Babbler. 

— 

viii. pi. 26, fig. 1. 

— 

lime-rook Babbler. 

— 

i. fig. 341 ; ii. fig. 341. 

— 

Short-tailed Wren- 
Babbler. 

— 

ii. fig. 348} ; viii. pi. 

26, fig. 1. 

— 



580 


A CLASSIFICATION OF TUE OKIOIMAL 


Alternative Name. 

F. B. I. 2nd Ed. 

F, B, I. 1st Ed. 

Jbbdon. 


Rimatof malacoptUus, 

Rimator malacoptilus. 

Rimator malacopUlus, 

Malacocincla abhnfti 

Malacocincla sepiaria 

Turdinus abbotti. 

Trichostoma abbotti. 

abbotti. 

Thringorhina striolata 

abbotti, 

Thringorhina guttata. 

Thringorhina guttata. 

- 

guttata. 

Stachyris nigriceps nigriceps. 

Stachyris nigriceps. 

Stachyris nigriceps. 


Stachyris nigriceps davisoni. 

Stachyris nigriceps. 

Stachyris nigriceps. 


Stachyridopsis rujiceps 

Stachyridopsis ruji- 

Stachyris rujiceps. 


rujiceps. 

ceps. 



Stachyridopsis pyrrhops. 

Stachyridopsis 

Stachyris pyrrhops. 


Mixomis rubricapiUa rubri- 

pyrrhops, 

Mixomis rubriea- 

Mixomis ruhicapiUus, 


capilla. 

Mixomis rubricapiUa minor. 

piUus, 

Mixomis rubrica- 

Mixomis ruJbicapiUus. 


Alcippe nepalensis nepalen- 
sis. 

Alcippe poioicephala 

pillus, 

Alcippe nepalensis. 

Alcippe mpalensis. 


Alcippe phcBocephala. 

Alcippe poiocephala. 


poioicephala. 

Rseudominla cinerea. 

Sittiparus cinereus. 

Minla cinerea. 


Pseudominla castaneiceps 

Sittiparus castanei- 

Minla castaniceps. 


castaneiceps. 

Fulvetta vinipecta vinipecta. 

ceps. 

Proparus vinipectus. 

Proparus vinipectus. 


Lioparus chrysotis. 

Lioparus chrysasus. 

Proparus chrysfxus. 


Subfamily SiBiiNiE. 

Sibia pic€Knde8 picaoides, 

LeAoptila capistrota capis- 
trata. 

Leioptila mdanoleuca mda- 
noleuca, 

Actirwdura egertoni egertoni. 

Jxops nipadenaia nipahnsis. 

Staphidia atricUa struUa. 

Siva strigula atrigtUa, 

Siva cyanouroptera cyan- 
ouroptera, 

Yuhina gtdairis gularia. 

Yuhiiia occipitdlia occipitalis, 

Yuhina nigrim&nimn nigri- 
mesidfam, 

Ixvlus occipitalis 

Ixulus flavicoUis jUmcoUis, 

Erpomis xantholsuca xan^ 
thokuca. 


Sibia picaoides. 
Lioptila capistrata, 

Lioptila melanoUuca, 

Actinodura egertoni, 
Ixops nepedensis, 
Staphidia striata, 

Siva strigtda, 

Siva cyanuroptera. 

Yuhina gularis, 
Yuhina occipitalis, 
Yuhina nigrimentum, 

Indus occipitalis, 
Ixvlus JUmcoUis, 
Herpomis xantholema. 


Sibia picaoides, 
Sibia capistrata. 


Actinodvra egertoni, 
Actinodura nipalenais. 
Ixulus striatus. 

Siva strigula. 

Siva cyanouroptera, 

Yuhina gularis, 
Yuhina occipitalis, 
Yuhina nigrimentum. 

Ixulus occipitalis, 
Ixulus JUmcoUis. 
Erpomis xmthdmca. 
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English Namb. 

Hodgson. 

Tiokbll. 

0. F. Shabpb. 

Long-billed Wren- 

iii. pi. 103. 

viii. pi. 3 ; z. pi. 18. 


Babbler. 

Abbot's Babbler. 

iii. pi. 157. 

— 

— 

Tiokell's Spotted 
Babbler. 

— 

ii. fig. 383 i viii. pi. 25» 
fig. 2. 

— 

Blaok-throated Babbler. 

iii. pi. 158, figs. 1, 2. 

— 

iv. pi. 47. 

Malay Qrey-throated 

• 

viii. pi. 24, fig. 2. 


Babbler. 

Red-headed Babbler. 

iii. pi 163. 

— 

iv. pis. 48, 49. 

Red-billed Babbler. 

iii. pi. 162. 

— 

iv. pi. 47. 

Yellow-breasted 

iv. pi. 155, figs. 1, 2. 

i. fig. 275. 

iv. pi. 49. 

Babbler. 

Burmese Yellow- 
breasted Babbler. 

— 

viii. pi. 26, fig. 2. 

— 

Nepal Babbler. 

iii. pis. 159, 160. 

— 

iv. pi. 45. 

Nilgiri Quaker Babbler. 

— 

— 

iv. pi. 46. 

Dusky ‘green Tit- 

iv. pi. 144. 



vi. pi 36. 

Babbler. 

Chestnut-hea^led 

iv, pi. 1.39, fig. 2. 

— 

vi. pis. 33. 36. 

Babbler. 

Hodgson’s Fulvotta or 
Plain Brown Tit- 

iv. pis. 130, fig. .3, 4 : 
146. 

— 

vi. pis. .34, .35. 

Babbler. 

Golden- bnia8te<l Ful- 

iv. pi. 145 

i. Hr. 127. 

vi. pis. 30, 34. 

votia or Golden- 
breasted Tit-Babbler, 


Ijong-tailed tSibia. 

iii. pi. 108. 

i. fig. 110 ; viii. pi 29. 

- 

Black-headed Sibia. 

iii. pis. 106, 107. 

viii. pi. 28. 

iv. pi. 80. 

TiekelKs Sibia. 

— 

ii, fig. .385 ; viii. pi 30. 

— 

Nopal Bar-Wing. 

iii. pi. 104. 

1 fig. 111. 

iv. pis. 77, 78. 

Hoary Bar-Wing. 

iii. pi. 195. 

— 

iv. pis. 77, 78. 

Tiekell’s Staphidia. 

— 

ii. fig. 387. 

vi. pi ,36. 

Stripe-throated Siva. 

iv. pi 140. nest. 

i. fig. 126. 

vi. pis. 31, .32. 

Hodgson’s Blue-winged 
Siva. 

iv. pi. 141. 

i. fig. 120. 

vi. pi. .32. 

Stripe-throated Yuhina. 

iv. pi. 140, fig. 4. 

vi. pi. 26. 

vi. pi 39. 

Slaty-headed Yuhina. 

iv. pis. 149, fig. 6 ; 152. 

— 

vi. pi. 39. 

Blaok-ohinned Yuhina. 

iv. pi 153. 

— 

vi. pi. 37. 

CSiestnut-headed Izula. 



i. fig. 130. 


Yellow-headed Izulus. 

iv. pis. 147, 149, fig. 3. 

i. fig. 131. 

vi. pis. 37, 38. 

White-belUed Herpomis. 

iv. pi. 155, fig. 8. 

— 

vi. pi 40. 

PbOOa Zool. Soo. - 

1930, No. XXXVIII. 
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A CLASdlFlCATIOK OF THK ORIOINAL 


ALTBB17AT1VS NaMB. 

F. B. I. 2nb Fd. 

F. B. I. 1st Ed. 

Jbbdon. 


Subfamily LsiOT&iOHiK.ffl. 


Leioihrix oorreot 

Lwthrix lutea cdUpyga, 

Liothrix lutea. 

LeicAhrix luteua. 

spelling. 

Cviid nipahnsM nipalt^asis. 

Outia nipaienaia. 

Cutia nipadenaia. 


IHeruthius erythropterus. 

Pteruthiua erythro- 

Pteruthiua erythro- 



pterua. 

pterua. 


PUrvihius veralaiua cBrakUua. 

Pteruthiua mralatua. 

— 


Ptervihius mdanotis mmdh- 
tis. 

Pteruthiua mdanotia. 

AUotriua canobarbua. 


Ptcruihiui xarUhochhris 

Pteruthiua xaviho- 

Alhtriua oanobarhua. 


xanlhochloria. 

cMofia, 



Myzomia pyrrhoura. 

Myzornia pyrrhoura. 

Myzomia pyrrhoura. 


Hilarnviehf-a rufivEnie.r, 

Hilarocichla rufiven- 

Ptandhiua rufiventer. 



tria. 



Meaia aryenimria nrgem- 

Meaia argentauria. 

Leioihrix argentauria. 


tauris. 

Minla ignotincta. 

Mitda igneitirusta. 

Mirda ignoHindla. 


Subfamily P ar A D ox obnithin jb . 



('onoshnm mmodium. 

Conoatoma wmodium. 

Conoatoma (emodium. 


Paradoxffrn is flavirostria. 

Paradoxomia fiamroa- 

Paradoxomia flaviroa- 



tria. 

tria. 

SMora unicolor 

Siithora nvicoUtr, 

Suthora unicolor. 

Hater omorpha unicolor. 

unieolor. 




Siithora nipalensis 

Sv thorn vepidevsia. 

Suthora vepfUenaiH. 

Suthora nipaienaia. 

correct spelling. 

Svlhora polioiis jHiliotis, 

Suthora 2^>liotia. 

Suthora poliotia. 


Snthora fvlnifnwa futrifrons. 

Suthora fulvifrona. 

Suthora fulvifrona. 


Siithora ruficepn rujivepa. 

Suthora rufirepa. 

f'hlruaaicua rufirepa. 

Family PYrN0N()TIl)i13. 



AeihorhyTtchus lafres- 

Adhorhynchm Uifresnayi. 

Af'thorhyvrhua lafrea- 

— 

myei corret^t Hpelling. 

nayii. 



Mgithhia tiphia tiphia. 

/Kgithina tiphia. 

Jora typhia. 


Chloropsia auHfrona anri- 

( 'Morojma auri frona. 

Phyllomia aurifrona. 


frona. 




Chloropsia aurifrotis davui- 

Ohloropaia malabarka. 

Phyllomia medabaricua. 


80 V i . 




Ohloropsis hardwickii hard- 

dhloropaia hardwickii. 

Phyllomia hardwicMi, 


wickii, 

Chhropais viridia zoateropa. 

Chhropaia zoateropa. 

— 


Chlotppaia jerdoni. 

CMoropaia jerdoni. 

PhyUomia jerdoni. 


Criniger Uphrogtnya ftaveo- 

Orinlger flaveolua. 

Criniger flivetdua. 


lus. 
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Enalisb Name. 


Indian Red-billed 
liothrix. 

Nepal Outia. 

Red-winged Shrike- 
Babbler or Shrike- 
Tit. 

Tiokeirs Shrike-Babbler 
or Shrike-Tit. 

Chestnut-throated 
Shrike-Babbler or 
Shrike-Tit. 

Green Shrike-Babbler 
or Shrike-Tit. 

Fire-tailed MyKomis. 

Rufous-bellied Shrike- 
Babbler or Shrike- 
Tit. 

Silver-eared Meaia. 

Red-tailed Minla. 


Great Parrot-Bill. 
Gould’H Parrot-Bill. 

Brown Suthora. 

Ashy-care<l Suthora. 

Blyth’s Suthora, 
Pulvous-fronted 
Suthora. 

Reel-headed Suthora. 


Hodoson. 


iv. pi. 138, neat. 

iv. pi. 136. 
iv. pis. 1.32, 137, figs. 
2,3. 


iv. pi. 1.34. 


iv. pi. 1,36. 

iv. pi. 164. 
iv. pi. 133. 


iv. pis. 139, fig. 1 ; 
149, fig. 5. 

iv. pi. 149, figs. 7, 8. 


iii. pi. 152. 
iii. pi. 147. 

iii. pi. 148. 

iii. pi. 150, fig. 1. 

iii. pis. 160, fig. 3 ; 151. 
iii. pi. 160, fig. 2. 

iii. pi. 149. 


Tickbll. 

i. fig. 128. 

X. pi. 15. 
i. fig. 124. 

i. fig. 3.34. 

i. fig. 132 ; .xi. pi. 16. 


i. fig. 125. 


vi. pi. 21. 

ii. fig. 414 ; vi. pi. 20. 
vi. pi. 23. 

vi. pi. 24, 

▼i. pi. 25. 

i. fig. 156 ; vi. pi. 22. 


Great lora. 

(’ommon lora. iv. pi. 18. 

Golden-fronted Chlorop- iv. pi. 15, fig. 2. 
sia, or Green Bulbul. 

Leaf Bird. 

Malabar Chloropsis. 

Orange-bellied Chlorop- iv. pis. 15, figs. 1, 3 ; 

BIB. 17. 

Malachite-shouldered — 

Chloropsis. 

Jei:dou*8 Chloropsis. — 

White-throated iv. pi. 9. 

BttllmL 


C. F. Sharpe. 

vi. pi. 27. 

vi. pis. 25, 26. 
vi. pis. 21, 22. 

vi. pi. 24. 

vi. pi. 24 (inset figure). 

vi. pi. 23. 

vi. pi. 28, 
vi. pi. 29. 

iv. pis. 39, 40. 
iv. pi. 37. 


iv. pi. 38. 


V. pis. 17, 18. 
V. pi. 20. 

V. pis. 19, 22 ?. 
V. pi. 21. 

V. pi. 9. 


38 * 
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A OLASSiriCATlOK OF THB ORIQlNAt 


Altkbnativk Name. F. B. I. 2ni> Bn. F. B. I. Isr Bn. Jbbdon. 

Criniger Uphrogenys buma- Cringer burmmicus, 

nicm, 

MicfosceXia psarM^s pBaroi- Hypsipetes paaroides, HypaipeUs panroidu. 
dea. 

Mkroacdia paaroulea Hypaipetea ganeeaa, Hypaipetaa gamaaa, 

gmeeaa. Uypaipdea nailghar^ 

rienaia. 

II emixoa oom^vX Utmlruafiai^fiavaia. Hemixua flavala, Hemixoa flamla. 

Rpclling. 

Hemima fiavda daviami. Hemima daviaoni, — 

JImixoa mcrhuanau IJemirua rHordellafidi mac- Hemixua macddlandi, Hypaipetea MeLeUandi, 

correct Hpelling. cteUaiidi, 

Hemixua mMckUandi Hemixua tiehdli, — 

tkkelli. 

Alcurva atriatua. Alcurua atriatua* Ahurua atfialtfiKa, 

Molpaatea ha morrhoua Molpaatea hasmor- Pycnonotua hmno* 

heimtirrhma. rhoua. rhoua, 

Molpastea hmnorrJuiua itigri- Molpaatea nigripileua. 

piUua, 

Molpaatea haanorrhftua ben- Molpaatea bengalenaia. Pycnmotua pygasua, 

gaknaia. 

Molpastea hur 4 igenya leuro- Molpaatea leueogenya. Otocompaa hucogenya. 

genya. 

Xanthirua jlaveacma flavea- XarUhixua jlaveacena. 


Otnemipaa jocoaa Otocompaa erneria emeria. Otocmnpaa emeria, Otocompaa jncoaa, 

px'oaa, 

Otonmijm jocxjaa Otocompaa etmrmfvacirmi- Otocompaa fuacicau- Otocompaa jocoaa. 

fuavicaudnXa. data. data. 

Otocompaa jocoaa Otocompaa emeria pcgmvaia. Otocompaa emeria. Otocompaa jocoaa. 

crythrotia, 

Otocompaa fariretifria flaci- Otocmnpaa flamventria. Bvbigula fiavimittia. 
reniria. 

Jok icterica. Jok icterica. Criniger icier km. 

Jole olivmea cinnamomeo- Jok vireacena, 

rentria. 

Pycnmotna fvnlayaoni fin- PycmmUua fnlayaoni. 

layaoni. 

Pycnonotua plumoam ph- Pycnonotua plu- 

moaua. moaua. 

Microtarsua poiorephdua. Mkropua phmy- Brachypodiua poh- 

cephalm. cephalua. 

Family CAMPEPHAOIDiE. 

Perkrocotua apecioaua Pericrocotua apecioaua, Pericrocotua apecioaua 

apecioaua, 

Pericrocotua apecioam Pericrocotua flam- Pericrocotua flam- 

flammeua. meua. meua. 

Pericrocotua breviroatria Perkrocotua brevi- Perimfocotua brevi- 

bftviroatria, foairia. roakia. 
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English Name. 

Huuosun. 

Tiokell. 

C. F. SUAKFB. 

Burmese Whiie-tliroated 



ii. lig. 360. 



Bulbul. 

Himalayan Blaok 

iv. pis. 1, 2, 3, tig. 2. 

— 

V. pis. 1, 2. 

Bulbul. 

Southern Indian Blaok 

— 

ii. lig. 428. 

V. pi. 3. 

Bulbul. 

Himalayan Brown-earod 
Bulbul. 

iv. pis. 4, lig. 2 ; 6. 

i. fig. 162. 

V. pi. 6. 

Davison’s Brown-earod 

— 

iL fig. 361, 


Bulbul. 

llufous-lwlliod Bulbul. 

iv. pis. .3, fig. 1 ; 

4. lig. 3. 

— 

V. pi. 4. 

Tickell’s Bulbul. 

— 

ii. fig. 351). 

— 

Striated Green Bulbul. 



i. %. 154. 

v. pi. 8. 

Ceylon Red-vented 

— 

— 

v. pi. 16. 

Bulbul. 

Tenasserim Red-vented 

— 

i. lig. 286. 


Bulbul. 

Bengal Rod- vented 
Bulbul. 

iv. Ills. 11, lig 1 ; 13, 
14. 

i. Hg 155. 

V. pis. 14, 15. 

White-eheeked Bulbul. 

iv. pi. 11, hg. 2. 

— 

V. pis. 11, 12. 

Blyth’s Bulbul. 

— 

ii. lig. 413. 

— 

Bengal Bed- whiskered 
Bulbul. 

iv, pi. 12. 

— 

V. pi. 18 (left-hand 
figure). 

Southern Ked-wliiskerod 
Bidbul. 


— 

V. pis. 13, 18 (right 
hand figure). 

Burmese Rod-whiskered 

— 

i. fig. 307. 

— 

Bulbul. 

Black-crested Vollow 

iv. pi. 4, hg. 1. 

i. lig. 288. 

V. pi. 10. 

Bulbul. 

Yellow-browed Bulbul. 

— 

— 

V. pis. 6, 7. 

Tenasserim Olive Bulbul. 

— 

ii. lig. 37.3 a. 

— 

Einlayson’s Stripe- 

— 

i. 6g. 287. 

— 

throated Bulbul. 

Large Olive Bulbul. 

— 

ii. hg. 301. 

— 

Grey-headed Bulbul. 

— 


V. pi. 6. 


Indian Scarlet Minivet. 

iii. pis. 40 (nest only), 

vii. pi. 4 (colour not 

iii. pi. 33. 


41, 42. 

typical) ; ad. pi. 17. 


Orange Mimvet. 

— 

— 

iii. pis. 32, 34. 

Indian Short-billed 

iii. pis. 43, 44, figs. 1, 

vii. pi. 5 ; xi. pi. 18. 

iii. pi. 35. 


Vinirat. 3.4.6. 
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A OUBBIFICATIOK OF TUK ORIoInAL 


Alternative Name. 

F. B. I. 2nd Bd* 

F. B. 1. IsT Ed. 

Jbrdon. 


PmcrocotuB Bolaria 9oUm8, 

Perkrocotua aofaria. 

Perkroeotm aoiUma, 


Pericrocotus ruseua roaeus. 

Pericrocoiua roaeua. 

Pericrocotua roaeua. 


Pericrocohid peregrinua 

Periorocoiua pere- 

Perkrocotua pere- 


penragrima. 

grinua. 

grinua. 


Perierocatua ptragrinua vivi- 

Pericrocotua pere- 

Perkrocotua pere- 


dua. 

grinua. 

grinua. 


Pmcrocotua peregrinua 

Pericrocotus pere- 

Perkrocotua pere- 


mdlabaaicua. 

grinua. 

grinua. 

• 

Lalage mehachiata mela- 

Campophaga tnelattu- 

Volwoimjra mela- 


achiata. 

achiata. 

achiatoa. 


LdUtge mdaachiata avtitaia. 

Campophaga mda- 
noptera. 

Volvocivora melaa- 
chiatoa. 


Lalage aykeaii. 

Canipopftaga aykeai. 

Volvocivora aykeai. 

Voracvna macvi maC4:i. 

Qraucalua macei macei. 

Oraiicaiua macei. 

Qra ucalua macei. 

Coracirm macei Qraucalud macei mpalemtis. 

nipahusis. 

Family MUSCICAPIDiE. 

Craucdlua macei. 

Qraucalua macei. 


Hemiclididon aibirka 
aibirica. 

Uem ichehdon aibirica. 

Bern ichelidoh fuliyi- 
Tumia 


llemichelidm cnierekepa. 

Hcmwheluton ferru- 
gineu. 

A laeonax ferrugi netta. 


Siphia airophiata airophiala 

mphia airophiata. 

i^iphia airophiata. 


Siphia parva albialla. 

Biphia cUbiciUa. 

Erythroakma hucura. 


Cyomia hyperythra hypery- 
thra. 

Cyornia hyperythrua. 

i^iphia auperciliaria. 


Cyomia tricolor tricolor. 

Cyornia hucomelan- 
urua. 

Siphia leucomelan- 

urua. 


Cyornia auperciliaria auper^ 
ciliaria. 

Cyom ia auperciliaria. 

Muackapula auper- 
ciliaria. 


Cyomia tnekmolevra melano- 
Iffoca, 

Cyomia rnelanvleuma. 

Erythroatema macu- 
UUa, 


Cyomia mdanoleuca weaier- 
manni. 

Cyomia mehmoleucus. 

Erythroatemo macu- 
lata. 


Cyomia aapphira. 

Cyomia aapphira. 

Muacicapula aapphira. 


Cyomia rubeculoidea rube- 
etdoidea. 

Cyomia rubeculoidea. 

Cyomia rubeculoidea. 


Cyomia ticleeUitc tickeUim. 

Cyornia tickeUii. 

Cyomia banyumaa 
Cyomia tickeUim, 


Cyomia magniroatria. 

Cyomia magniroatria. 

Cyomia magniroatria. 

Briania hodgeoni 
hodgsoni. 

NUtdtda hodgaoni. 

NUidula hodgaoni. 

N Uidvla hodgaoni. 

iiioponda correct 
BpelUtig. 

Btoparola melanopa melan- 
opa. 

Shpawla tneUampa, 

Eumyiaa melanopa* 


Stoparola albicaudala. 

Stoparola aUtkaa- 
data* 

Eumyiaa aUncaudata* 
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English Name. 

Hodgson. 

Tiokell. 

0. F. Sharpe. 

Yellow-throAied Mini- 

iii. pis. 44, fig. 2 ; 45. 


iii. pi. 36. 

▼St. 

Rosy Minivet. 

iii. pi. 4t). 

vii. pi. 6. 

iii. pi. 37. 

SnuJl Minivet. 

iii. pi. 47. 

— 

iii. pi. 37. 

Burmese Small Minivet. 

— 

vii. pi. 7. 

— 

Malabar Small Minivet. 

— 

— 

iii. pi. 38. 

Bark Grey Cuekoo- 

iii. pis. 25, 2H, 27, nest. 

X. pi. 7. 

iii. pis. 29, 30. 

Shrike. 

Pale Grey Cuckoo- 

— 

ii. fig. 350 a ; vii. pi. 3» 

_ 

Shrike. 

Blaok-headed Cuckoo- 

— 

— 

iii. pb. 26, 27, 26. 

Shrike. 

Large Indian Cuckoo- 

— 

vii. pi. 2. 

iii. pi. 31. 

Shrike. 

Large Himalayan 

iii. pis. 38, 39. 

— 

— 

Cuckoo-Shrikc. 


Sooty Flycjatoher. 

— 

iii. pi. 56. 

ForruginouH Flycatcher, iii. pi, 70. 

vii. pis. 30, 32. 

iii. pi. 51. 

Oraiige-goTgeted Fly- 

vii. pi. 32, fig. 1. 

iii. pis. 52, 62. 

catcher. 

Eastern Red- breasted 

ii. fig. 391 ; vii. pi. .32, 

iu. pi. 65. 

Flycatcher. 

figs. 2, 3. 


Rufous- breasted Fly- iii. pi. 90 ; iv. pi. 157, 

vii. pi. 31, fig. 2. 

iii. pi. 64. 

catcher. fig. 4. 

Slaty-blue Klycalchcr. iii. jila. 87, 89. 

— 

iii. pis. 56, 61, 63. 

White-browed Blue Fly- 

— 

iii. pis. 57, 63. 

catcher. 

Indian Little Pied Fly- iii. pi. 94. 

— 

— 

catcher. 

Burmese Little Pied 

vii. pi. 31, fig. 1. 

— 

Flycatcher. 

Sapphire-headed Fly- iii. pi. 77. 

vii. pi. 33. 

iii. pi. 65. 

catcher. 

Blue-throated Fly- iii. pi. 76, fig, 2. 

ii. fig. 434 a ; vii. 

iii. pi. 55. 

catcher. 

pi. 35. 


Tiokell’s Blue Fly- 

— 

iii. pi. 55. 

catcher. 

Large-billed Blue Fly- 

— 

iii. pi. 50. 

catcher. 

Pigmy Blue Flycatcher, iii. pi. 78. 

” ’ 

iii. pi. 65. 

Verditer Flycatcher, iii. pis. 71, 72, figs. 6, 

vii. pi. 34. 

iii. pi. 53. 

7, 9 ; 73, nest. 

Nilgiri Blue Flycatcher. — 

— 

iii. pi. 54. 
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A Cl/A88IFlCATtON OF THIS ORIGINAL 


Altbbkativk Name. 

F. B. 1. 2nd £d. 

F. B. 1. 18T £d. 

JjBBDON. 


Anthi^a imnUager rnonile- 

ger. 

Anlkipea ntmikger. 

Anthipea monUeger, 


Antikipetf momleger aub- 
monUeger, 

Anthipea aubmonile- 
gar. 

Alaeonax kdiroatria. 


AUeonax laiiroBtria pooenais. 

Alaeonax Uuiroalria, 


Alaeonax ruficaudua. 

Alaeonax ruficaudua. 

Cyomia rufiemda. 


Ochromela nigrorufa. 

(hhromda nigrirufa. 

OehromeUt nigrorufa. 


CvXkkapa ceyhttenaia cey- 

Culicicapa ceyloa- 

Cryptohpha cinereo- 


lomriaia. 

eneia. 

capilla. 


NiUava yrandia graitdia. 

NiUava grandia. 

NiUava grandia. 


^iUava aundara autidara. 

NiUava aundara. 

NiUava aundara. 


NiUava inaegrigoriw. 

Niltam ynaegrigorim. 

NiUava rnacgrigoriw. 


Terpaiphone paradiai para- 
dial. 

TerpaipJtone para- 
diai. 

Tchitrea paradiai. 


7'erpaiphonc paradiai aJUinia, 

Terpaiphone aJBinia, 

Tehitrea affitiia. 


Hypotihymia azurea aiyani. 

Ilypothymia azurea. 

Myiagra azurea. 


Chelidorhyiu’ hypoxantham. 

Chelidorhytix hypo- 
xantkum. 

Vhdidorhynx hypo- 
xaniha. 


Hhipidvra aureola aureola. 

Rhipidura dlbifron- 
tata. 

Leucocerca dlbofnm- 
tata. 


Jihipidvta dlhivoUia edbi- 
collie. 

Rhipidura albicollia. 

Leucocerca fuacovenlria. 

Rkipidnm jHxUtnAin. 

Family HIKUNDWIUJ;. 

Rhipidura j^acturalia. 

Leucocercu pectondia. 


Ddicbou urbica whiteleyi. 

Chdidvn lagopua. 

— 

Ih bchon n ipuknsia 

JUelichmi nepalenaia. 

Chelidoti nepalenaia. 

Chelidoti nipdlenaia. 

correct BpcUing 


Riparia jududicola chinenaia. 

Cotile aijienaia. 

Cotyle ainenaia. 


Ptyomproym rupealria. 

Ptyonoprogm rupee- 
trie. 

CotyU rupealria. 


Uiruudo ruetica rualica. 

Hirundo rualka. 

Hirundo rualica. 


Hirundo jaranka doniicola. 

Hirundo Jaranica, 

Hirundo domtcola. 


Hirundo auiUhii filifera. 

Hirundo amithii. 

Hirundo filifera. 


Hirundo dmrica aUrkdaia, 

Hirundo atriokUa, 

Hirundo daurica. 

Uituiido daurica 

Hirundo dmrica nepalenaia, 

Hirundo nepalenaia. 

Hirundo daurica. 

nipalemsiit correct 


Hirundo dmrica erythro^ 
pygiu. 

Birvndo erythro- 
PHyiA 

Hirundo dmrica. 
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Enoubh Namb. 

Hodoson. 

Tiokbll. 

0. Jf. SKAiir 

Hodgson's White-gor- 

iii. pis. 83, fig. 2 ; 86. 


■ - 

geted Flyoatoher. 

Hume's White-goigeted 

— 

ii. fig. 394. 

- 

flyoatdier. 

Indian Brown Fly- 
oatohor. 

iii. pis. 72, fig. 2 ; 84, 
fig. 5. 

vii. pi. 30, fig. 1. 

iii. pi. 60. 

Rufous-tailed Fly- 
oatoher. 

— 

— 

iii. pi. 56. 

Black-and-Orange Fly- 

— 

— 

iii. pi. 52. 

catcher. 

Grey-headed Fly- 

iii. pi. 68. 

vii. pi. 29. 

iii. pi. 49. 

catcher. 

Large Niltava. 

iii. pis. 72, fig. 1 ; 84, 
fig. 2 ; 86. 

vii. pi. 38. 

iii. pi. 60. 

RuIoub- bellied Niltava. 

iii. pis. 76, tig. 1 ; 81, 
fig. 1 ; 82. 

vii. pi. 37 ; xi. pi. 24. 

iii. pi. 58. 

Small Niltava. 

iii. pi. 83, fig. 1. 

vii. pi. 36. 

iii. pis. 59, 60. 

Indian Paraditie Fly- 
catcher. 

iii. pis. 63, figs. 1, 2, 3 ; 
64. 

vii. pi. 25. 

xii. pi. 19. 

Burmese Paradise FJy- 

— 

vii. pi. 26. 



catcher. 

Northern Indian Black- 
naped Flycatcher. 

— 

ii. fig. .350, b ; vii. pi. 
27. 

iii. pi. 48. 

Yollow-lielliod Fly- 
catcher. 

iii. pi. 67 ; iv. pi. 157, 
fig. 1. 

— 

iii. pi. 48. 

White-browed Fantail- 

iii. pi. 66. 

vii. pi. 28, tig. 2. 

iii. pi. 47. 

Flyoatoher. 

White-throated Fantail- 

iii. pi. 65. 

vii. pi. 28, fig. 1. 

iii. pis. 46, 46, 47 

Flycatcher. 

White-spotted Fantail- 

— 

— 

iii. pi. 46. 

Flyoatoher. 


Siberian House Martin. 

— 

ix. pi. 20. 

— 

Hodgson's House Mar- 

ii. pi. 4. 

— 

i. pi. 42. 

tin. 

Indian Sand Martin. 

ii. pis. 2, lig. 2 ; 3, tigs. 
1, 3, young birds. 

ix. pi. 19. 

i. pi. 38. 

Crag Martin. 

ii. pi. 3, fig. 2. 

■ — 

i. pi. 39. 

Common Swallow. 

ii. pis. 1 ; 2, fig. 4. 

ix. pi. 16. 

1. pi. 33. 

Nilgiri House Swallow. 

— 

ii. iig. 375 ; ix. pi. 16. 

— 

Indian Wire-tailed 

— 

ix. pi. 17. 

i. pis. 34, 35. 

Swallow. 

Chinese Striated 

— 

ix. pi. 18. 

— 

Swallow. 

Hodgson's Striated 
Swallow. 

ii. pi. 2, fig. 1. 


i. pis. 36, 37 (upper 
figure). 


6yke*s Striated Swallow. 


i. pi. 37 (lower figure). 
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A CLASSirinATlON or TBE ORlOtNAL 


Ai/ternativb Name. F. B. I. 2nd Ed. 


Older EURYLAIMIFORMES. 


SuryUiiimuf javanicue 
harierti. 


Eurylaimus javankus java- 
cus. 


Corydon sumatranus Sumatra- 


nu8. 

Cymi^fhywihys macrwhyu- 
chus macrorhynehus. 
Serihphus lunatus hiiuUus. 
Serihph'us rubropygitLs. 
Pmrisomns daUimsiw Psansomvs dalhousia\ 

(kdltousiw. 

Calyptonienu viridia i 'alyptomm viridk. 

coniimtiiis. 


Order PICIFORMES. 

Family CAPlTONIDiE. 

Mejjalaima virena 'tiMtakal- 
lorum. 

Tfi>ereiceryx zeylanicus cani- 
cepa. 

Theniveryx lineatus kodgmni. 

Thereiceryx viridia. 

('yatiojM aHiaiiva aaiatica. 

( 'yanops Jranklimi fravMiniL 

('yanopa fianklinii rmnaayi. 

Xantholwma haanMcephata 
ittdica. 

A anihdaAva hamaccphtda, 
lutea. 

Family INDXCATORIl)^. 

Indicator xanthonotue. 

Family PIOlDiE. 

Picua equamatus aquamatus. 

Picua viUatua myrmccopha- 
nem. 

Picas viUatua dehrw. 


F. B. I. 1st Ed. 


Eurylmnus javamcua. 

Corydon sumatranus, 

Cymborhynchus mac- 
rorhynchtu. 
Serihphus lunatus. 
Serihphtia rubripygiua, 
PaarisomuH dathouaiai. 

CalypUnntna viridia. 


Megalmina muraJtal- 
hrum. 

Thereiceryx zeyhnicua, 

Titereiceryx lineatua, 

7'hereiceryx viridia. 

Vyanopa aaiaika. 

Cyamypa franklhn. 

Cyampa ranisayi. 

XaaUhoImna honnaJto- 
cephala. 

XaidhoUnna hmmato- 
cephala. 


Indicator xanthonotua. 


Oecinva squarnatua. 
Qeoinua strufkUus, 
Oecinus striokUus. 


Picua vittatus viridanus. Oecinus viridanus. 


Picua canus barbatus. Oecinus occipiUdia. 

Picua canus hessei, Oecinus occipikdis.. 

Picua chhrohphua chloroh- Oecinus ckhrohphus. 

phus. 


Jebdun. 


Serihphus rubropygia, 
Paarisomua dalhousias. 


MegcUaima virena, 

Megalaima canicspa. 

Megalama lineata. 
Megalaima viridia, 
(iyanopa (Mudica. 
Cyanopa franklinii. 


Xantholwma indica, 
Xantholcvma imhra. 


Indicator xanthonotua. 


Oecinus aquamatus, 
Oecinus atriolat ua, 
Oecinus atriolatua. 


Oecinus occipUatis, 
Oecinus occipitalis, 
Oecinus chhrohphus. 
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Emoush Nams. 

Hodomon. 

Tiokbll. 

C. F. Sharpe. 

Honfield*B firoadbilL 

— 

ix. pL 10. 

— 

Diuky BroadbilL 

— 

ix. pi. 9. 

— 

Blaok-and-Red Broad- 



ix. pi. 11. 


bUl. 



Gould's BroadbilL 

— 

ix. pi. 13. 


Kodgson's Broadbill. 

ii. pis. 37, 39. 

ix. pi. 13. 



Loiig-tailod Broadbill. 

ii. pi. 37 ; pi. 3S. iiost. 

ix. pi. 12. 

i. piB. 60, 67. 

Gi^u Broadbill. 

— 

ix. pi. 14. 




Groat Himalayan ii. pis. 94, 95, 97. 

Barbet. 

V. pi. 27. 

ii. pi. 32. 

Northern Green Barbet. 

V. pi. 28. 

ii. pi. 39. 

Assam Lineated Barbet. ii. pi. 90. 

■ 

ii. pi. 33. 

Small Green Barbet. 

— 

ii. pis. .34, 35. 

Blue*throated Barbet. ii. pis. 97, 98, 99. 

V. pi. 29. 

ii. pi. 30. 

Golden-throated Barbet. ii. pL 99. 

— 

ii. pis 34, 37. 

Kamsay’s Golden- 

throated Barbet. 

V. pi. 30. 

Burmese Crimson- 

breasted Barbet. 

V. pi. 31, tig. 2. 

— 

Indian Criinsun- breasted ii. pi. 101. 

Barbet or Copper- 
smith. 

Yellow-baoked Honey- ii. pi. 93. 

Guide. 

V. pi. 31, lig. 1. 

ii. plb. 38, 39. 

Soaly-bellied Green iii. pis. 70, 71, 72. 

Woodpecker. 

— 

ii. pis. 14, 16, 16. 

Uttle Soaly-bellied 

Green Woodpeoker. 

" 

ii. pis. 13, 17, 

Himalayan Scaly- ii. pi. 73. 

bellied Woodpeoker. 


^ - 

Burmese Soaly-bellied 

Woodpeoker. 

V. pi. 17. 


Indian Black-naped ii. pis. 74, 75, 76, 77. 

Green Woodpeoker. 


ii. pis. 18, 19. 

Burmese Blaok-naped 

Woodpeoker. 

T. pi. 18. 

■■ 

Eastern Himalayan ii. pis. 72, 80, 81. 

Small Yellow-naped 

Woodpeoker. 

▼. nl. 20, fig. 1. 




m 

A CtASSinOATtON Of tHK OKIOlNAf. 


Altbbkative Name. 

F. B. 1. 2irD £d. 

F. B. T. l8T Ei>. 

JeRjDOE. 


Pkue chJorolophua ainUm. 

Uecims chhroUtphus. 

Vhrysophlegnia choru- 
tophus. 


Pieua chhrolophiu ehlofoh- 
phoideB, 

Qsdnus chhrolophua. 

Ghrysophlegma chloro- 
hphus. 


Pietts cMorolophiu chloric 
gaater. 

Gkeinus cMorogaster, 

Ghrysophlegma ckloro- 
phanes. 


Chrysophkgma flavinucha 

ChrysopMegma Jlavi- 

Ghrysopholegma flavi- 


jUimnucha. 

nucha. 

nucha. 


Oecinvlua grantia grmUia, 

Gecinulua gratiUa, 

GecintUus granlia. 


iJypopicua hyperyihrua 

Hypopicus kypery- 

Hyptpkus hypery- 


hyperythrus. 

thrus. 

thrus. 


Dryobates kimalayenais 
himalayensia. 

Dendrocopus hirna- 
layensia. 

Pkus hitmdayanus. 


Dryobates darjeUensis. 

Dendrocopus darjilen- 

IHcua majoroides. 

Dryubakji ra(.hpharim 

Dryobates caihparius cath- 

Dendrocopus cath- 

Pkus cathpharius. 

correct 

parivji. 

phariua. 


DryobiUfH nutcei 
urMermafii 

Dryobates macei. 

Dendrocopus inacii. 

Picus macei 

Dryohatm nmel asiraim. 

Dryobates alraivs. 

Dcndroc(}pm atralua. 

— 


Dryobates auricepa. 

Dendrocopus aurkeps. 

Pkus bmnneifrons. 


Leiopicus fnahraUenais tnalt- 
rattmais. 

Liopicua niMhratten- 
sis. 

Pkus mahrattensis. 


Ytmyipkus hatrdwickii hard- 
wickii. 

Jyngipicua hardwkkii. 

Y ungipkas kardwkkii. 


YuvgipicMs hardvnekii mU- 
chdlii. 

lyngipicus pygmeeus. 

Yungipkus jfyff^nwus. 


Blythipkus pyrrhotis pyrrho- 
tis. 

Pyrrhopicus pyrrho- 
tis. 

Venilia pyrrhotis. 


Miglypies jugularis. 

Miglyptea jugtUaris, 

— 


Mieroptemus broehyurus 
wiUiamaoni, 

Microptemus brach- 
yurus. 

— 


Mtcropknms brachyurus 
phaioeeps. 

Microptemus phceoceps, Microptemus phaioeeps 


Micropkimus brachyurus 

Microptemus 

Microptemus 


humei. 

phofoceps. 

phaioeeps. 


Microptemus brachyurus 
guiaris. 

Microptemus gutaris. 

Microptemus gularis. 


Brachypknvus bengkaiensis 

Brachyptemus auran- 

Brachyptemus 


benghaknsis. 

tius. 

aurantius. 

iJionopium ahurii. 

Dinopkus shorii. 

ChfysocoiUspks guttacrisUUus 
guttacristatus. 

Tiga shorei, 

Chrysocolaptes gutti- 
cristatua. 

Ghrysonotus shorei. 
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Enouss Namb. 

Hodgson. 

Tiokbll. 

0. P. Sharp B. 

Western Himalayan 
Small Yellow-naped 
Woodpecker. 


— 

11. pi. 22. 

Burmese Small Yellow- 
naped Woodpecker. 

~ ■ 

V. pi. 20. fig. 2. 

> — 

Southern India Small 
Yellow-naped Wood- 
pecker. 



ii. pJ. 2.3. 

Large Yellow-naped 
Woodpecker. 

ii. pis. 76, 79. 

V. pi. 19. 

ii. pis. 20. 21. 

Pale-headed Wood- 
pecker. 

ii. pi. 63. 

V. pi. 23. 

— 

Eastman Rufous-bellied 
Woodpecker. 

ii. pi. 67. 


— 

Western Himalayan 

Pied Woodpecker. 


— 

ii. pi. 1 

Darjeeling Pied Wood- 
pecker. 

ii. pis. 62. 63. 

V. pi. 6. 

ii. pis. 2. 3 

Himalayan Lesser Pied 
Woodpecker. 

ii. pis. 62. 64. 

V. pi. 7. 

ii. pi. 4. 

Fulvous-breasted Pied 
Woodpecker. 

ii. pi. 67. 


ii pi. 6. 

The Stripe-breasted 

Pied Woodpecker. 

" 

V. pi. 8. 

— 

Brown-fronted Pied 
Woodpecker. 

ii. pb. 66, 90. 

' 

ii. pi. 0 

Southern Yellow-fronted 
Pied Woodpecker. 

ii. pi. 66. 

V. pi. 9. 

ii. pis. 7 8.0. 

Indian Pigmy Wood- 
pecker. 


V. pi. 10. 

ii. pi. 7. 

Kumaun or Himalayan 
Pigmy Woodpecker. 

ii. pi. 06. 

" 

ii. pi. 10. 

Rod -eared Bay Wo(m 1- 
peoker. 

ii. pi. 62. 

V. pi. 21. 

ii. pi. 24 

Blaok-and-Buff Wood- 
pecker. 

■ 

V. pi. 12. 

— 

Siam Rufous Wood- 
pecikcr. 

— — 

V. pi. 22. 

--- 

Northern Rufous Wood- 
peokei*. 

ii. pi. 64. 


— 

Western Rufous Wood- 
pecker. 



ii. pi. 26. 

Southern Rufous Wood- 
pecker. 

' ”■ ' 

■ 

ii. pi. 26. 

Northern Oolden-baoked 
Woodpecker. 

ii. pis. 62. 86. 

V. pi. 14. 

ii. pi. 27. 

Himalayan Golden- 
backed three-toed 
Woodpecker. 

ii. pis. 86. 87, 88. 

V. pis. 16. 16. 


TiokelFs Golden-backed 
Woodpecker. 


V. pi. 13. 
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A CLASSIFICATION OF THK ORIGINAL 


Altibnative Name. F. B. I. 2nd Ed. 

Chfya(KclU»if*€$ 

s-uUatMua, 

Ohrysocolapks featitma. 

Hmiirirma canenU can- 
p.nte. 

MidUiriptciia puliJeridmtnB 
harterti. 

Pummrma innominaltua in 
nominaliia, 

Saaia ochranaa orihracea. 

Jynx iorquilla tor- lynr torquitta torquiU^, 

quiUa correct 
spelling. 

Oixier COCCYGIFORMES. 

Family CUCULIDi®. 

Cundua canortia tdephnnua. 

Cucvhia optatna, 

Gucidua poliocephtdua polio- 
cephalua. 

Oucfdva micropterua mkro- 
pterus. 

Hierococcpx aparre.riohlea Hieroroccyr aparveroidaa, 
correct spelling. 

Hierococcyjr mrhia. 

H ieroc4)cc.yx fugax n iaicohr, 

Caeomantia m^rxdinua paa- 
aerinus, 

('aromantia rnerulmua 
(piendua. 

Pevihoceryx mvmratii ami- 
neratii. 

Chfdcitea .raulhorhyitrhna Chnlritra xnnthorhynchua. 
ravtfuyrhynrhva. 

Chakitea wnfv1uf.va macv- 
lalus. 

Sttrniculus lugnbria dicm- 
roidea. 

ClanuUor jacobinua jaeo- 
hinua. 

Glamator coromandua, 

Endymmya correct Evdymmia acolopaceua acolo- 
spelling. pacfua. 

Rhopodytea viri ^iroatria, 

Bhopodyka triatia triatia. 


F. B. I. 1st Ed. 

Gkryaoedaptea yuUi- 
criatatua, 

Gh/ryacdapka feaHfms, 

Hemiceroua cariente. 

Hamilopkua pfulmru- 
lentua» 

PirMmnua inno- 
minatua, 

Rasta orhracea, 
lynx *orquitta» 


Gucnlua canorua, 

Gwsvdua aaiuratua. 

Ctmdua polwcephcdua. 

Gucidua micropterua. 

Hieroc4Hxyx aparvcr- 
ioidea. 

Hierocoecyx mriua. 

Hieroeoccyx niairolor. 

Cacomantia paaaeri- 
nus. 

(WomatUia mcru- 
linua. 

Penthoceryx aon- 
mrafi. 

Ghryaoroccyx xantho- 
rhynchua 

Ghry8ococc.yx maru- 
latns. 

Niimiculua lugubria. 

Coccyx jacobinua. 

Goccyatea eoromandua, 

Eudymmia honorata, 

Rhopodytea mridiroa- 
tna. 

Rhopodytea triatia. 


Jbbdon. 

Ghryaoeotaptea auUa- 
neua. 

Ghryaoeotaptea gomaia, 

Hemicircua canente. 

MuUeripicua pidmru 
lentua. 

Vivia innominata. 

Saaia ochracea. 

Yunx tnrquilla. 


Gucidua canorua. 
Gucidua himtdayanua. 
Gucidua poliocephfdua. 

Gucidua micropterua. 

Cuculua atrlaf'Ua, 

H ierocorcyx aparver- 
ioidea. 

Hierocoecyx variua. 
Hieroeoccyx niaieolryr, 

Polyphaaia nigra, 

Polypkaaia tenuirna- 
tria. 

(Siculus sonvortU!}, 


Ghryaoeoecyx hodg^ 
aoni. 

Sumkidua dicni- 
roidea. 

Goccyatea meJmoleucoa. 

Goccyatea corommdua, 

Eudynamya oriewtalia, 

Zandoatomua inridi* 
roatria. 

ZancloaUmya triatia. 
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Enoush Namjs. 

Hodosox. 

Tiokbll. 

C. F. Sharps. 

Hodgson's Golden* 

ii. pi. 69. 



ii. pi. 11. 

backed Woodpecker. 

Blaok-bsoked Wood- 

— 

.. .. 

ii. pi. 12. 

pecker. 

Heart-spotted Wood- 

— 

V pi 11. 



pecker 

Indian Great Slaty 

— 

— 

X'i. pi. 22. 

Woodpecker, 

Himalayan Speckled 

i.. pi. 90. 

r pi. 24. 

li. pis. 6, 29 

Piculet. 

Indian Rufous Piculet. 

ii. pi. 90 

V. pi. 25. 


Wryneck. 

ii. pJ. 92 

V. pi. 26. 

li. pis 30 31 


Asiatic Ouckoo. ii. pi 102. 

— 

ii. plis 40, 41, 43, 49 

Himalayan (-uckoo. ii. pi. Il3. 

T. pL 41. 

ii. pis. 42, 45 

Small Cuckoo. 

V pi. 40.; xi. pi. 10, 

ii. pis. 46, 49. 

Indian CHickoo. ii. pis. 106, 107. 

X pi. 27. 

ii. pis. 47, 48 50 

Large Hawk-Cuckoo. ii. pis. 102, 100, 110. 

V. pi. 4.1 

li p". 53. 51 

f’ommon Hawk -Cuckoo. 

V. pi. 42. 

ji. pis. ,51, .52, 

Hodgson's Hawk- ii. pi. 108. 

xi. pi. 7. 



Cuckoo. 

Indian Plaintive ii. pi. 111. 

— 

ii. pi. ,55. 

Cuckoo. 

Burmese Plaintive 

V. pi. 44. 



Cuckoo (Rufoiis- 
bellied Cuckoo). 

Indian Bandwl Bay ii. pi. 115, young bird. 

— 

— 

(\ickoo. 

Violet (hickoo. — 

V. pi. 46. 

— 

Emerald Cuckoo ii. pi. 1 16, 

— 

ii. pi 57, 

Indian Drongo-Cuckoo. ii.pl 113 

V. pi. 46. 

ii. pi. .56. 

Pied Crested CHickoo, ii. pi. 116. 

V. pi. 38. 

ii. pi. 68, 

Red-winged Crested ii. pi. 117. 

T. pi. 39. 

ii. pi. 59. 

Cuckoo. 

Indian Koel. «• pis* 118, 119. 

V. pi. 37 ; xi. pi. 8. 

*i. pl.s. (i(» 61 

Small Green-billed MaU — 

— 

ii. pi 62 

koha. 

Large Himalayan ii. pi. 120. 

— 

xii pi. 27. 

Green-billed Mai- 
koka. 
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A 0LAS81F1OATION OF TH« OltlQlNAL 


Altbbnativb Nams. F. B. I. 2kd Eo. 

Rhopodiyka triaUs kmgi- 
caudahis, 

Rhamphococeyx eryUhrogna^ 
ihus» 

Tacwma UmKewniUi affinia. 

Taccocua kachenavlii airkee* 

CefUropus ainenaia ainenaia, 

CerUropua ainenaia parrott. 

Ceniropua bengalenaia ben- 
gtRenaia, 

Order TROGONIFORMBS. 

Pyrotfogon faacMUua mala- 
baricua, 

Pyfoitrogon erylhrocephalua 
erythrocephalua, 

Pyrotrogon oreahioa uni- 
formia. 

Order CORACIIFORMES. 

Family MlCROPOOIDAi:. 

Micropua melba melba. 

Microjnia affinia ajjmia. 

Micropua jmificua pacAficua. 

Collocalia unicohr unicohr. 

CoUocfdia funphaga brem- 
roatria. 

Hinindapva cawlcmdua 
nudipea. 

flamiprocna corovala. 

Cypaiurua hrihaienaia Tnchomia bataaienaia 
fioktaienaia oorroot hataaieruiia, 

name. 


Family CAPRIMULGIDJC. 


Caprimulgua macnmia 
albonoUUua, 
Caprimulgua maerurua 
nipalenaia oorreot< 
flpelling. 


Caprimulgua macrourua 
dborudatua, 

Caprigmulgua macrourua 
nipalenaia. 


Caprimulgua indicua indi- 
dicua. 

Caprimulgua aaiaticua. 


F, B. 1. l8T Ed. 
RhopodyUa triaUa, 

Rhamphococeyx ery- 
ihrognalhua, 
Taccocua leachenauUi, 
Taceocua leachenauUi. 
Ceniropua ainmaia. 

Ceniropua ainenaia. 


Ceniropua bengdUn- 
aia. 


Harpactea faadalua. 

Harpactea erythro- 
cephalua, 

Harpactea oraaciua. 


Cypaelua melba, 
Cypaeiua affinia. 
Cypaelua pacificua. 

GoUocalia fuciphaga. 

Collocalia hreviroatris. 

Chaiura nudipea, 

Marropteryx coronata, 

Tachomia bataaaien- 
aia. 


Caprimulgua mac- 
rurua, 

Caprimulgua mac- 
rurua, 

Caprimulgua indicua, 
Caprimulgua aaiati- 


JlBBDOlf. 

Zandoakmua iriati^ 

Taccocua aithte 
Ceniropua rufipenma 
Ceniropua rufipennt. , 
Ceniropua viridis. 

Harpactea foacUdua, 
Harpatiea hodgaoni. 


Cypaelua melba, 
Cypaelua affinia, 
Cypaelua leuconyx, 

CdlocaUa nidifim, 

CdhcMia nidifica, 

Acwnlhylia nudipea. 

De.ndrochelidnn roron - 
afua. 

Cypaelua l)fUaaaienaia, 


Caprimulgua alhonota- 
tua, 

Caprumdgua mac- 
rourua. 

Caprimulgua indicua, 
Caprimulgua aaialicua. 
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Engusb Name. 

Hodgson. 

TIGB.BLL 

C. F. Sharpe. 

Large Malay Green- 

— 

r. pi. 32. 



billed Malkoha. 

Chestnut-breasted Mai- 

— 

V. pJ. 33. 


koha. 

Bengal Sirkeer Cuckoo. 

ii. pis 126, 127. 

7. pi 34. 

xii. pi. 26. 

Punjab Sirkeer Cuckoo 

— 

— — 

X. pi. 28. 

Common Couoal or 

ii. pis. 121, 122, 123, 

— 

xii. pi. 23. 

Crow Pheasant. 
Southern Couoal or 

124 

V. pi 36 

xii. pi. 24. 

Crow Pheasant. 

Lesser Couoal or Crow 

ii. pi. 125. 

V. pi 36 ; xi. pi. 0 

ii. pi. 63. 

Pheasant. 


Malabar Trogon. 

— 

• X. pi 7. 

— 

Red- headed Trogon. 

ii. pis. 16, 17, 18 

ix. pi. 6. 

i. pis. 52, 63. 

Robinson’s YeUow- 
breasted Trogan. 

— 

i fig. 260 ; ix pi. 8. 

— 


Alpine Swift. 

— 

ix. pi. 25. 

7. pis. 40, 41. 

Common Indian Swift. 

ii. pi. 2. 

ix. pi. 26. 

i. pi. 42. 

Large White-rumpod 

— 

ii. fig. 412 ; ix pi, 27. 

— 

Swift. 

Indian Bklible-nest 

— 

— 

i. pi. 43. 

Swiftlet. 

Himalayan Swiftlet. 

ii. pi. 6. 

— 

— 

White-throated Spine- 

ii. pi. 6. 

ix. pi. 22. 

it pis. 44, 45. 

tail. 

Indian Crested Swift. 

— 

ix. pi. 21. 

i. pi. 46. 

Palm Swift. 

— 

ii. lig 28. 




Indian Long-tailed 
Nightjar. 

ii. pis. 10, 11 T, 13. 

ii. fig. 425 ; ix. pi. 4. 

M.P • 22. 

Nepal Long-tailed 
Nightjar. 

ii. pis. 8 T, 9 ?, 12, 14, 
16? 


i. pi. 48. 

Indian Jungle Nightjar. 

— 

ix. pi. 3. 

I. ^I. 45. 

Common Indian Night- 
jar. 

— 

— 

i. pis. 49, 50. 


* M.P. « Mounted Plate. 
pROO. ZoOL. 3oo.— 1930, No. XXXIX. 


39 
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A oussirtcAnoN of thb onioiNAt 


Alternativb Name. F. B. I. 2nd Ed. 

F. B. I. 1st Eo. 

Jebdon. 

Caprimvlgus monUcolui 

Caprimulgua monti- 

Caprimulgua morUi 

montkdua. 

cda. 

cdua. 

Gaprimulgw mahraitenais. 

Caprimulgua mahrat- 

Caprimulgua mahraf- 


tenaia. 

tenaia. 

Lyncomia cervinicepa car- 

Lyrmmia cervinicepa. 

— 

vinkepa, 

Fftmily BXJCEBOTIB^S* 

Dichoceroa bicomia bicomia. 

Dichoceroa bicorrhia. 

Homraiua bicomia. 

ArUhracoceroa malabaricua 

ArUhracoceroa albi- 

Hydrociaaa albiroalria. 

malabaricua. 

roatria. 


Aceroa nepalenaia. 

Aceroa nepalenaia. 

Aceroa nipalenaia. 

Rhyticeroa aubruJicoUia, 

Rhylidoceros aubru- 

- - 

Lophoceroa biroatria. 

ficoUia, 

Lophoceroa biroatria. 

Mcniceroa bicomia. 

Ptihlcamua tickdli tickelK, 

Ptildcemua tickelli. 

— 

Family UPUPID.^:. 

Vpupa epopa epopa. 

Vpupa epopa. 

Vpupa epopa. 

Vpupa epopa orierUalia. 

Vpupa irulica. 

Vpupa nigripennia. 

Family MEROPIDiE. 

Meropa orierUalia orierUalia, 

Meropa riridia. 

Meropa viridia. 

Meropa orierUalia birmanua. 

Meropa viridia. 

Meropa viridia. 

Meropa aupercilioava javani- 

Meropa philippinua. 

Meropa philippenaia. 

cua. 

MeliUophagua erythrocephdlua 

MeliUophagua awin^ 

Meropa quirUicolor, 

erythrocephalua. 

hoii. 


Bncia alherUmi, 

Nyctiomia athertoni. 

Nyctiomia athertoni. 

Family CORACIID^. 

Coraciaa benghaknaia bang- 

Coraciaa imlica. 

Coraciaa indict. 

halenaia. 

Coraciaa benghalenaia affinia. 

Coraciaa affinia. 

Coraciaa affinia. 

EuryaUmua orierUalia orien- 

Euryatornua orientalia. 

Euryatornua orientalia. 

talia. 

Family ALCEDINIDiE. 


• 

Ceryle rudia leticomdanura. 

Ceryle raria. 

Ceryle rudia. 

Ceryle lugubria gvUnlaia, 

Ceryle lugubria. 

Ceryle guttata. 

Alcedo aUhia berigalenaia. 

Alcedo iapida. 

Alcedo bengalenais. 

Cyex erithaea erUhaca, Ceyx tridadylua tridadylua. 

Ceyx tridadyla. 

Ceyx tridaclyla. 
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Erglisr Namis. 

Hodgson. 

Tiokbll. 

0. F. Sharps 

Franklin’s Nightjar. 

— 

— 

i.pl. 51. 

Sykes’s Nightjar. 

— 

ix. pi. 5. 

— 

Burmese Great-eared 
Nightjar. 

— 

ix. pl. 2. 

— 


Great Hombill 

ii. pb. 40. 41, 42, 43, 61. ix. pi. 48. 

M.P. 23. 

Laige Indian Pied 

— ix. pL 49. 

-- 

Hombill. 

Rufons-neoked Horn- 
bill. 

ii. pis. 46, 47, 49, 50, ix. pl. 52. 

52. 

— 

Blyth’s Wreathed Horn- 

ix. pl, 53. 


bUl. 

Common Grey Hombill. 

ii. pis. 44, 45 ix. pl. 50. 

M.P. 24. 

Tiokell’s Hombill. 

ix. pl. 51. 

— 


Hoopoe. 

— 

Vi. pL 32. 


Indian Hoopoe. 

iii. pl. 24 

— 

iii. pl. 9. 


Common Indian Bee- 

ii. pis. 19, 20, 21. 

— 

i. pl. 65. 

eater. 

Burmese Green Bee- 

— 

ix. pl. 29. 

— 

eater. 

Blue-tailed Bee-eater. 

ii. pl. 22. 

ix. pl. 31. 

i. pl. 56. 

Chestnut-headed Bee- 

ii. pl. 21. 

ix. pl. 30. 

i. pis. 64, 55. 

eater. 

Blue-bearded Bee-eater. 

ii. pis. 23, 24. 

ix. pl. 32. 

i. pl. 57. 


Indian Roller. ii. pis. 25, 26. is:, pi. 3.3. M.P. 25 ; i. pi. 58. 

BurmeBe Roller. ix- pl- 34. 

Broad-billed Roller. ii. pl. 27. ix. pl. 35. 


Indian Pied Kingfisher. 

ii. pl. 30. 

iz. pL 46. 

i. pis. 63, 65. 

Himalayan Pied King- 
fisher. 

ii. pis. 34, 35, 36 

ix. pl. 47« 

jr.P. 26; i. pi. 04 
xii. pi. 38. 

Common Indian King- 
fisher. 

ii. pl. 33 

iz. pl. 45. 

i. pis. 62, 65. 

Indian Three-toed 

fL pl. 32 

iz. pl 44. 

— 
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A CLASSZiriCAtlON OF TB£ OfilGlKAL 


Altbrnativb Namk F. B. L 2iffi> Ed. 

Ramphdcyon, aTmiropUra 

Ramphahyon capenah guriah 

Ramphtdcyon capenaia buf- 
manka. 

Halcyon amymenaia fuaca. 

Halcyon pileata 

ErUomothera coromanda coro- 
manda, 

Sauropatia chloria cKUtria. 

Oarcineutea pvlcheUtta ptd- 
chdlua. 

Family PODARGIDiE. 

BaJtrachoaUmua javenaia 
hodgaoni. 

BatrachoaUmua moniliger. 


F. B. I. IST Ed. 

Pdargopaia amauro- 
pUra, 

Pdargopaia guricd, 

Pdargopaia Umoca- 
phala. 

Halcyon amymenaia. 
Halcyon pikata 
Callialcyon lilacina. 
SauropaHa chloria. 
Carcinauiea puhhallua. 


BatrachoaUmua 

hodgaoni, 

Batrachodomua moni- 
liger. 


Order P S I T T A C I F 0 R M E S 

Paittacula eupatria Paittacula evpalria nepalen- 

nipaUnaia rorrect aia, 
spelling. 

PaiUacuUi krameri maniUcU’ 
aia, 

Paittacula krameri borealia, 

Paittacula cyanocephala hen- 
gelenaia, 

Paittacula achiaticepa achia- 
ticepa, 

Paittacula alexandri faaciatua. 


Order STRIG 

Tyto alba aUrUna, 

Tyto longimembria 
longimembria. 


Paittacula columboidea, 
Coryllia vemalia vemalia, 
Coryllia vemalia rubropygia- 
Ua, 


Tyto alba javanica* 

Tyto longimembria, 

PhodUua badiua aaturatua, 
Aaio otua otua, 

Aaio flammeua JUmmefua* 
Strix indranee indranee, 
Strix indranee newarenaia. 


PaloBomia mpalenaia. 


PaloBomia iorquatua. 

PalcBomia torquatua, 

PaloBomia roaa, 

PaloBomia achiaticepa, 

Palaiomia faaciatua, 

Palaeornia columboidea, 
Loriculua vemalia, 
Loriculua verrudia. 


Strix flammea. 
Strix Candida, 

Photodilua badiua* 
Aaio otua, 

Aaio aedpUrima* 
Symium indrani, 
Symium indrani. 


IFORMES. 


JURDOir, 

Halcyon amauro- 
pterua. 

Halcyon leueocephalua 

Halcyon Uucocephalua. 

Halcyon fuaoua. 

Halcyon atricapiUua, 

Halycon coromanda- 
lianua, 

Todiramphua collaria 


Otothrix hodgaonii. 

Batrachoatomua moni 
liger. 


PaloBomia alexandri 


Palaiomia torquatua, 

PalcBomia torquatua, 

Palceomia roaa, 

Palaxnmia achiaticepa, 

PalcBomia javanicua, 

Palaaomia columboidea, 
Loriculua vemalia, 
Loriculua vemalia. 


Strix javanka. 

Strix Candida. 

Photodilua badiua, 
Otua vulgaria, 

Otua brachyotua, 
Symium indranee, 
Symium nemranae. 
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Bkolish Name. 

HooasoN. 

Tickell. 

C. F. SaiBPB. 

Brown-winged King- 
fisher. 

ii. pi. 31 

ix. pi. 38. 

— 

Brown-headed Stork- 
billed Kingfisher. 

ii. pi. 28. 

ix. pi. 37. 

i. pi. 59. 

Burmese Stork-billed 
Kingfisher. 

— 

ix. pi. 36. 

— 

Indian White-breasted 
Kingfisher. 

ii. pis. 20, 30. 

ix. pi. 39. 

i. pis. 60, 65 

Blaok-oapped King- 
fisher. 

— 

ix. pi. 40. 

1 p). 61. 

Indian Ruddy King- 
fisher. 

— 

ix. f)1. 41. 

— 

White-collared King- 
fisher. 

— 

ix. pi. 42. 

— 

Banded Kingfisher 

— 

ix pi 43 

— 


Hodgson’s Frogmouth. 

ii. pi. 7. 

— 

— 

Ceylon Frogmouth 

— 

ix. pi. 1 

.... - 

(Wynaad Frog- 
mouth). 

Large Indian Parrakeet. 

ii. pi. 53. 

V. pJ. 1. 

xif pi. 21. 

Bose-ringed Parrakeet. 

— 

— 

i. pi 68. 

Eastern Bose-ringed 

ii. pi. 54. 

V. pJ. 2 


Parrakeet. 

Eastern Blossom-headed 

ii. pis 55, 56 

V. pi. 8. 

i. pi. 69 

Parrakeet. 

Himalayan Slaty- 

ii.pl 66. 

— 

7. pi. 70. 

headed Parrakeet. 

Indian Bed-breasted 

ii. pis. 55. 57, 59, 60. 

V. pi. 4. 

i pis. 72, 73. 

Parrakeet. 

Blue-winged Parrakeet. 

— 

— 

i. pi. 71. 

Indian Lorikeet. 

ii. p] 61. 

V, pi 5. 

— 

Malabar Lorikeet. 

— 

— 

i. pJ. 74. 


Indian Barn-Owl. 

i. pis. 158, 169. 

iv, pi. 20. 

i. pi. 22. 

Grass-Owl. 

— 

iv pi. 21. 

xii. pi. 35, 

Northern Bay-Owl. 

i. pi. 160. 

— 



Long-eared Owl. 

L pi. 165. 

— 

X. pi 23 

Short-eared Owl. 

i. pi. 166. 

iY. pi 13. 

M.P 21 

Brown Wood-Owl. 

— 

iY.pL877$ iv.pl.IT 

_ 

Himalayan Brown Wood- 

1. pis. 161, 168, 163. 

— 

X. pi. 22. 

Owl 
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A OLASSIFiCATtON OF mn OBlOINAL 


Altbbnatiyb Name. 

F. B. I. 2in> £d. 

F. £. I. 18T Bd. 

JSBPOK. 


Strix nivtccla. 

Symivm nivicola. 

Symivm nivicolum. 


Strix aehputo. 

Symivm adoputo. 

— 


Strix oceUata. 

Symium oodlattm. 

Symium amenae. 


1 

1 

Ketupa zeylonmaia. 

Ketupa eeylonenaia. 


Ketupa xeyloneMie leache- 
naidt. 

Ketupa zeylonenaia. 

Ketupa eeylonenaia. 


Keiupafiavipea. 

Ketupa fiauipea. 

Ketupa flavipea. 


Ketupa ketupa. 

Ketupa javamnaia. 

— — 


Bubo bubo bengaknaia. 

Bubo bengalenaia. 

Urrua bengalenaia. 


Bubo coronumdua eoromandua 

j 

1 

Urrua coromanda. 

Uubo nipatensia. 

Hukua nipalenaia* 

Huhua nepalenaia. 

Hvhua nipdlenaia. 


Otua bahkamoena plumipea. 

Scope bakkamma 

EphiaUea^ lempigi. 


Otua bahkamama kttia. 

Scope bakkamoana* 

— 


Otua aunia aunia. 

Scope giu. 

Bphialtea pennatua. 


Ninox acuiutata lugubria. 

Ninox acutviata. 

Ninox acuteUatua 

Carine brama brama. 

Aihem brama brama 

Athene brama. 

Athene brama. 


Olaucidium cuculoidea cuou- 
loidea* 

Olaucidium cueu- 
loidea. 

Athene cuculoidea. 


Cflauddium radiatum radio- 
turn. 

Olaucidium radia- 
tum. 

Athene radiata. 


Olaucidium radiatum mala- 
barkum. 

Olaucidium radia- 
tum. 

Athene rnalabarioa. 


Olaucidium brodiei brodiei. 

Olaucidium brodiei. 

Olaucidium hrodicai 

Qkmcidium brodiei tubiger. 

Order ACCIPITIFORMES. 

Olaucidium brodiei. 

Olaucidium broditet 


JBgypiua m[machua. 

Vvltur monachua. 

VuUur monachua. 


Oypa iudkua indioua. 

Oypa indicua. 

Oypa indicua. 


Paeudogypa bengalenaia. 

Paeudogypa benged- 
enaia. 

Oypa bengalenaia. 

Torgoa ctdvui. 

Saroogypa cakua. 

Otogypa calvua. 

Otogypa edkma. 


Neophron percnopterua gin- 

Neophron ginginia- 

Neophron percno- 


ginianua. 

nua. 

ptarua. 
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Hodgsof. 

Tiokbll, 

0. F. Sharfb. 

Himalayan Wood-Owi 

i. pi 164. 

iv. pi. 3-. 



Malayan Wood-Owl. 

— 

V. p*. 2. 

— 

Mottled Wood-Owl. 

— 

— 

M.P.21. x.pl.23. 

Northern Brown Fish- 
Owl. 

i. pi. 176. 

— 

M.P. 21. 

Bengal Brown Fish-Owl. 

— 

iv. pi. 7. 

— 

Tawny Fish-Owl. 

i. pi. 177. 



— 

Malay Fish-Owl 
(Javan Fish-Owl). 

— 

iv. pi. 8. 

— — 

Indian Great Horned 
Owl). 

(Indian Eaglo-Owl). 

i pis. 167, 168, 170, 171. 

iv. pi. 4. 

M.P.21. x.pl.24. 

Dusky Horned Owl 
(Coromandel Eagle- 
Owl). 

i. pi. 172. 

iv. pi. 6. 

M.P.21. x.pl.26. 

Forest Eagle-Owl 
(Nepalese Eagk'- 
Owl). 

i pis. 173, 174, 17.5. 

iv. x)l. 6. 


Punjab Collared Seoj)s 
Owl. 

— 

■ 

j. pb 26. 

Burmese Collared 8eops 
Owl. 

i pis. 180, 181, 184. 

ii. pi, 378 ; iv. pi. 12. 


Northern Indian Scops 
Owl. 

i. pis. 178, 179. 

iv. pis. 9, 10, 11. 

i. pis. 2.3, 24. 

Indian Brown Hawk- 
Owl. 

i. pi. 189. 

iv. pi. 19. 

i. pi. 30. 

Spotted Owlet. 

i pis. 182, 187. 

iv. pi. 14. 

i. pi. 27. 

Western Himalayan 
Barred Owlet. 

i. pis. 184, 186, 186. 

i. iig. 23 ; iv. pi. 16. 

i. pi. 32. 

Jungle Owlet. 

i. pi. 183. 

iv. pi. 16. 

i. pK 26, 27. 

Malabar Jungle Owlet. 

— 

— 

i. pi. 31. 

Western Collared Pig- 
my Owlet. 

— 

— 

i. ph. 28, 2{). 

Eastern Collared Pigmy 
Owlet. 

i. pis. 187, 188. 

iv. pis. 17, 18. 


Cinereous Vulture. 

i. pis. 4, 5, 6, 7. 

iii. pi. 1. 


Indian Long-billed 
Vulture. 

i. pis. 10, 11 ? 

iii. pi. 3. 


Indian White-backed 
Vulture. 

i. pis. 12, 13, 14, 15, 

16. 

iii. pi. 4. 


Black or Pondicherry 
Vulture (King Vul- 
ture). 

i. pis. 8, 9. 

iii. pi. 2. 

M.P. 1. 

Smaller White Scaven- 
ger Vulture. 

f. pis. 17, 18. 

iii. pi. 5 

M.P. 2. 
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A OLASftlFlCATlON OF %HE ORIGINAL 


ALTxmrATiYE Name. 

F. B. I. 2tfD Bd« 

F. B, 1. 1st Ed. 

JiptDON. 


Circus cyaneua cyaneus. 

Circus cyaneua. 

Circus cyaneua. 


Circus pygargus. 

Cireua cineraceus. 

Circus cineraceus. 


Circus maorourus. 

Circus macrurus. 

Circus awainaonii. 


Circus osruginosua cerugino^ 
sus. 

Circus ceruginosua. 

Circus aruginoaua. 

Circui fndarioleucoa. 

Circus mdanoleuous. 

Circus rneianoikucus. 

Circus rndanolkuooa. 


Aslur gentilis schvedom. 

Aaur palumbarius. 

Aatur palumbarius. 


Astur trivirgatus irivirgatua* 

Lophospiziaa trivir- 
gedus. 

Aatur (Lophoapiza) 
trivirgatusn 


A slur trivirgatus rufiUnctus, 

Lophoapitias trivir- 
gatua. 

Aatur {Lophoapiza) 
kivirgatua. 


Astvr badius dussumieri* 

Aatur badiua. 

Mkroniaua badius. 


Accipikr nisus mdanochis^ 
tus. 

Accipikr niaua. 

Accipikr nisus. 


Accipikr virgaius ajfinis. 

Accipikr virgatua. 

Acdpkr virgatua. 


Accipikr virgakis bcsra. 

Accipikr virgatua. 

Aeeipikr virgatua. 

Buko Imko wUpinua. 

Buko vulpinua. 

Buko deaertoruni. 

Buko vulgaris. 


Buko ferox/erox. 

Buko rufinus rufinus. 

Buko ferox. 

Buko cancsrpp 9 


Oypaetus barbatus henmUioL 

Oypaetus barbatus. 

Oypaetus barbatus. 


Aquila chryaaetoa daphanea. 

Aquila chryaaitus. 

Aquila chryaaetoa. 


Aquila heliaca heliaca. 

Aquila heliaca. 

Aquila imperialts. 


Aquila nipalenaia nipalenaia. 

Aquila bifaadata. 

Aquila imperialia. 


Aquila rapar mndhiana. 

AquUa vindhiana. 

(Jerdon does not 

diatingiimli fm- 

perial from the 
Steppe Eagle.) 
Aquila fvlveacens. 


Aquila danga. 

Aquik rnaoulata. 

Aquila ncavia. 

Hkraaetus faaciaiva 

Hieraetus faaciatua faaciatus. 

Hieraetus faaciatua. 

Niaaetua boneUi. 

faaciatua correct 
spelling. 

Bpizaetus nipaknais 

Bpizaetua nepalenaia. 

Limnaetua nipalenaia. 


nipalenaia, 

Spizadua cirrhatua cirr- 

Bpiaaetua cirrhatua. 

Limnaetua oriaiat^^ 


hatua, 

Spizai&tua drrhatua limna^ 

Bpizaitua Imna&ua, 

Limnaetua niveua. 


tun 

Circa&ua gaUicua, 

Circa&ua gdUicua, 

Cifcaetua gdttieua. 


Bvtaatur indicua. 

Bvtaatur indkua. 

— 


Butaatur keaa. 

Butaatur keaa. 

Poliomia keaa. 


Spilomia cheeia cheela. 

Bpilomie cheela. 

Spilomia cheek. 


Spihmia cheela aUbidua, 

Bpikmia eheela. 

Bpilomia cheeia. 
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fiNOLiSR Name. 

Hodoson. Tioiubll. 

C. F. Shaspb. 

Hen Harriei’. 

i. pis. 128, 129, 130, 131. 

xii. pis. 66, 67. 

Montagu’s Harrier. 

i. pis. 134. 136. 

xii. pis. 47, 61, 66. 

Pale Harrier. 

i. pis. 132, 133. iii. pj. 39. 

M.P. 3, 4 ; xii. pis. 63, 
.54 a. 

Marsh Harrier. 

i. pis. 138, 139, 140, 

141, 142, 143, 144, 

146. 

xii. pis. 39, 41, 43. 

Pied Harrier. 

i. pi. 136. iii. pi. 40. 

xii. pis. 45, 49. 

Eastern Goshawk. 

i. pis. 66, 67, 68, 69. 

Crested Goshawk. 



i. pis. 9, 10. 

Northern Crested Gos- 

i. pis. 60, 61, 62, 63. iii. pi. 19. 

i. pi. 8. 

hawk. 

Indian Shikra. 

i. pis. 65, 66, 67, 68, 69. iii. pL 20. 

i. pis. 11, 12, 13, 14. 

Indian Sparrow-Hawk. 

i. pis. 73, 74. iii. pi. 21. 

1 . pis. 15, 16 ; xii. 
pi. 34. 

Northern Besra Spar- 

i. pi. 64 iii. pi. 22. 

i. pis. 19, 20. 

row- Hawk. 

Southern Besra Spar- 



i. pis. 17 ?, 18. 

row-Hawk. 

Desert Buzzard (Com- 



M.P. r>. 

mon Buzzard of 

Jeidon & F.B.1. 1st 

Ed.) 

Long-logged Buzzard. 

i. pis. 116, 117, 118, 119. iii. pi. 37. 

X. pi. 14. 

Himalayan Bearded 

i. pis. 19, 20, 21, 22. iii. pL 8. 

M.P. 7. 

Vulture or L&m- 
mergeyer. 

Indian Golden Eagle. 

i. pi. 76. 



Imperial Eagle. 

i. pis. 77, 79, 80. iii, pis. 7, 8. 

M.P. 8. 

Steppe Eagle. 

i. pis. 76, 81 ? 

— 


Indian Tawny Eagle. 

— 

iii. pl. 10. 

X. pis. 6, 7. 

Greater Spotted Eagle. 

i. pi. 82. 

iii. pl. 9. 

— 

Bonelli’s Eagle (Moh- 

i. pis. 95, 96, 97, 98. 

iii. pl. 11. 

M.P. 9 ; X. pis. 9, 10. 

rang*). 

Hodgson’s Hawk- 

i. pis. 99, 100, lOL 


M.P. 11. 

Eagle. 

Crested Hawk-Eagle. 

i.pL92. 

— 

M.P. 12. 

Changeable Hawk* 

i. pla. 90, 9L 

iii. pl 12. 

X. pL 12. 

Eagle. 

Short-toed Eagle. 

i. pl. 102. 

— 

M.P. 13. 

Grey-f aoed Buzzard. 

— 

— 

M.P. 6. 

White-eyed Buzzard. 

i. pis. 23, 24, 26. 

iii. pl. 38. 

M.P. 14 ; X. pl. 16. 

Indian Crested Serpent- 

i. pis. 103, 104, 106, 

— 

— 

Eagle, 

Lesser-Creeted Serpent- 

106. 

iiupL 14 

X. pl. 11. 
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A CliASilFICATlON OF THE Otll6lNAl* 


ALnOtKATIVB Nams. 

F. B. I. 2in> Ed. 

F. B. I. 1st Ed. 

JxBDOXt. 

Concuma kucorypha. 

Halia^kis leucoryphus. 

HaliaHua leucoryphua. 

Halicetua fulvivenJter. 

Cuncuma leucogatter. 

Haiia^tus leucogaater. 

Haliaitua leucogaater. 

Uediodua leucogaater. 


Ichthyophaga hamilia plum- 

PolkaHua humilia. 

— 


beus, 

lehthyophaga ichthyaetus 

Polioaetua kk- 

PolioadiLa icMhyoetua. 


iehihyaeius. 

Lophotriorchis kieneri. 

thyaHua, 

Lophotriorchia kieneri. 

lAmnadua kienierii. 


Ictinaetua malayensis pemi- 

Ictinaetua malayenaia. 

Neopua malaienaia. 


ger, 

Haliaghtr indue indue. 

Htdiaatur indue. 

Hdliaatur indue. 

MilvuB lineatiM lineaius 

Milvus migrana lineatus. 

Mibma meXavmtia. 

Mihma govinda. 


Milvua migrana govinda. 

Milvua govinda. 

MiUma gminda. 


Elanua eoBrukua voeiferua. 

EUmua cmrukua. 

Elanua melanopterua. 


Baza leuphotea leuphotea. 

Baza lophotea. 

Baza lophotea. 

Pemie cnaiatus 

Pemia ptilorhynchua rufi- 

Pemia criatatua. 

Pemia cristata. 

ruficoUis. 

collia, 

Mkrohierax coerulescena 

Mkrohierax euiol- 

Uierax eutohnoa. 


coerukacena. 

Fako peregrinua calidua. 

mua. 

Falco peregrinua. 

Fako peregrinua. 


Fako peregrinua peregrina- 

Fako peregrinator. 

Ftdeo 2 icregrinator, 


tor. 

FaHeo peregrinoidea babykmi- 

Fako barbaruB. 

Falco bahylonicua. 


Fako jugger. 

Fako jugger. 

Fako jugger. 


Fako eubbuteo eubbuteo. 

Fako avbbuteo. 

Hypotriorchia auJbbuteo 


Fako aeverua rufipedoidee. 

Falco aeverua. 

Ilypotriorchia aeverua 


Fako eherrug cherrug. 

Fako cherrug. 

Falco aacer. 

Fako chicquera chicquera Fako chiquera chiquera. 

lEadlon chicquera. 

Hypotriorchia chic- 

correct spelling. 
Fako (Erythropue) 

Erythropua amurenaia. 

Erythropua amurenata. 

quera. 

Erythropua veapertinua. 

amureneia. 

Fako (Cerehneis) tin- 

Cerehneia tinnunmlue tin- 

Tinnuneulua alauda- 

Tinnuneulua edauda- 

nuneuku tinnun- 

nuncadua. 

riua. 

riua. 

cidtis. 

Fako {Cerehneis) tin- 

Cerehneia tinnuneulua inter- 

Tinnuneulua alauda- 

Tinnuneulua akuda- 

nuncuku interstinc- 

atinctua. 

riua. 

, riua. 

tus. 

Fako (Cerehneis) tin- 

Cerehneia tinnuneulua objur- 

Tinnuneulua alauda- 

Tinnuneulua alauda 

nuneuhts otjnrgaius. 

gakia. 

riua. 

riua. 

Fako (Cerehneis) nau- 

Cerehneia natmanni pehi- 

Tinnuneulua cenchria. 

Erykhropua cenchria. 

mtmni pekinensis, 
Pandion haliadus 

nenaia. 

Pandion hediaStua haliaetua 

Pandion haliaetua. 

Pandion hadicptua. 

haUastus correct 
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tiNOLiSH Name. 


Brahminy Kite. 

Large Indian Kite. 

Common Pariah Kite. 

Black-winged Kite. 

Indian Blaok-oiested 
Baza (Blaok-orested 
Kite). 

Indian Created Honey 
Buzzard. 

Red-legged Falconet. 

Eastern Peregrine Fal- 
con. 

Shahin Falcon. 

Barbary Falcon. 

Laggar Falcon. 

Hobby. 

Indian Hobby. 

Gherrug or Saker 
Falcon. 

Bed-headed Merlin 
(Tunimti). 

Eastern Bed-legged 
Falcon. 

KeetreL 


Himalayan Kestrel. 


Indian Kestrel 


Eastern Lesser Kestrel 
Osprey. 


Hodgson. 


i. pi. 146. 

i. pis. 148, 149, 150. 
i. pis. 166, 167. 
i. pis. 154, 156. 

i. pis. 161, 162, 163. 
i. pi, 66. 

i. pis. 23, 24, 30, 31. 

i, pis, 26, 27, 28, 

i. pis. 26, 29. 

i. pi. back of 34. 
i. pis 39, 40. 
i. pis. 39, 40, 4L 
i. pis. 33, 34. 

i. pis. 42, 43. 

1 , pis. 52, 53. 

i. pis. 44, 46, 47. 

i pL 46. 

i. pk. 61, 62. 

L pi. 107. 


Tioebll. 
iii. pi. 17. 

iii. pi. 18. 

iii. pi. 16. 
iii. pi. 13. 

iii. pi. 32. 

iii. pi. 33. 
iii. pi. 34. 

ii. fig. 372 ; iii. pis. 35, 
36. 

iii pi. 31* 

iii. pi 23. 
iii, pi 24. 

iii. pi. 25. 
ill pi. 26. 
iii. pi 27. 

iii pi. 28. 
iii pi 29. 
iii pi 30. 


iii pi. 16. 


C. F. Shaupb. 
M.P. 15. 


X. pi 13. 


M.P. 10 ; X. pi 8. 

M.P. 10 ; xii. pi 37. 
X. pi 16. 

X. pis. 17, 18. 
xii. pis. 30, 56. 


X. pis. 19, 20, 21. 
i. pi 7. 
xii. pi. 69. 
xii. pis. 65, 67. 


M.P. 18 ; xii. pi 69. 
i. pi. i. 

i. pi 2 ; xii. pi. 66. 
xii pis. 61, 63. 

M.P. 17. i. pi 3. 


X. pis. 2,8; pi 4,fig.2? 


X. pi 4, fig. 1- 


i. pis. 4, 6, 6. [Wrongly 
named Lesser Kes* 
trel.] 


M.P. 19 ; I pi 21. 


Pallas’s Fishing Eagle i. pi. 108. 

(Ring-tailed Sea 
Eagle). 

White-bellied Sea 

Eagle. 

Himalayan Grey-headed i. pis. 109, 110. 
Fishing Eagle. 

Large Grey-headed i. pi 111. 

Fishing Eagle. 

Bufous-bellied Hawk- i. pi. 78. 

Eagle. 

Indian Black Eagle. i. pi 88. 
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A CLARIFICATION Ot* ORlOlNAti 


Altibnativb Name. F. B.I. End Eb. F. B. I. 1st Eb. Jbbbon. 

Order PE L B C AN I F 0 B M E S . 

Family PHALACROOORACIDiE. 

Fhalacrocorckx carbo Phahcrocorax carbo sinensis. Pkdlacrocorax carbo. Oraculus carbo. 
indieus. 

Phalacrocorax nigsr, Phalacroconsx javmi- Oraculus javanicus. 

cus. 


Family ANHlNGIDiE. 
Anhinga melanoffoater. 

Family PELECANIDiE. 

Pelecanus onocrotalus Pekcanus onocrocotalua 

roseus corroct roseus. 

spelling. 

Pekcanus philippensis. 


Plolus mdanogaster. Plolus mdanogaskr. 


Pekcanus roseus. Pekcanus javanicus. 

Pelecanus phiUppensis. Pekcanus philippensis. 


Order P H CE N 1 C O P T E R I F 0 RM E S . 

Family PHCENICOPTERID^. 

Phcenicopterus ruber amXi- Phomicopterus roseus. Phoenicopterus roseus. 
quorum. 

Order AN8ER1 FORMES. 


SarHdiomis mekmotos. 

Nettapus Coromandel- 
ianus coromandelianus, 

Dendrocygna arcuata 
arcuata. 

Anas plaiyrhynchoB 
platyrhynchos. 

Anof angustiroshris. 

Anas strepera. 

Anas pendope. 


Cygnus cygnus. 

Sarkidiomis mdanolus. 

Asarcomis scutulaius, 

Rhodonessa cairyophyUacea. 

Nettapus coromandelianus, 

Anser anser. 

Anser indieus. 

Dendrocygna javanica. 

Tadoma tadoma. 

Casarca ferruginea. 

Anas platyrhyncha. 

Anas ptccilorhyncha pcsci- 
lorhyncha. 

Marrnaronetta angustiroslris. 
Chauklasmus slreperus. 
Mareca pendope. 


Cygnus musicus. 

Sarcidiomis mdano- 
nolus, 

Ascomis scvJttdatus. 

Rhodonessa caryophyl- 
lacea. 

Nettopus coromande- 
lianus. 

Anser ferns. 

Anser indieus. 

Dendrocycna javanica. 

Tadoma comuta. 

Casarca ruHla, 

Anas boscaa. 

Anas poecilorhyncha. 

Marmaronetta angus- 
tiroslris. 

Chauldasmus streps- 
rus, 

Moireea pendope. 


Cygnus musicus. 
Sarkidiomis mdam- 
notus. 

Casarca leucoptera. 

Anas caryophyUacea. 

Nettopus coromande- 
lianus. 

Anser cinereus. 

Anser indieus. 
Dendrocygna awsuree. 

Tadoma vulpanser, 
Casarca inttUa, 

Anas boschas. 

Anas poecilorhyncha. 


ChaMasmus streps- 
rus. 

Mareea pendope 
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Enoubb Eamb. 

Hoooson. 

Tiokbll. 

0. F. Sharps. 

Indian Lai^e Cor- 
morant. 

Little Cormorant. 

vi. pis. 193, 194, 193. 

vi. pi, 196. 

i. fig. 228 

i. hg. 299. 

M.P. 27. 

sii pi. 0. 

Indian Darter or Snake- 
bird. 

vi. pi. 197. 

i. fig. 229. 

M.P. 28. 

Eastern White or 

Rosy Pelican. 

vi. pi. 192. 

— 


Spotted -billed or Grey 
Pelican. 

vi. pi. 191. 

i fig. 227. 

M.P 29. 


Flamingo. 



M.P 30. 

Whooper Swan. 

vi, pi. 151 



Nukhta or Comb 

— 

i. fig. 301. 

M.P. 31 ; xi. pi. II 

Duck. 

White-winged Wood 

— 

ii. fig. 400. 

— 

Duck. 

Pink-headed Duck. 

vi. pi. 166, 

XU pi. 27. 

— 

Cotton Teal. 

vi. pi. 164, 

i. fig. 302. 

xi. pi. 13 

Grey Tjag-Goose. 

vi. pi. 162. 

i. fig. 230. 

M.P. 32. 

Bar-headed Goose. 

vi. pi. 16.3. 

i. fig. 231. 

M.P. 32 ; xi. pi. 10. 

Lesser Whistling Teal. 

vi. pla. 156, 167. 

i. fig. 303. 

xi. pis. 14, 24. 

Sheld-Duck. 

vi. pis. 167, 168, 

— 

— 

Ruddy Sheld-Duok or 

vi. pi. 166. 

i, fig, 232. 

M.P. ,33 ; xi. pi. 12. 

Brahminy Duck. 

Mallard. 

vi. pis. 162, 163. 

— 

M.P. 36 ; xi. pi. 16. 

Spotblll or Grey Duck. 

vi. pi. 164. 

i. fig. 233. 

M.P. 34, 37 ; xi. pi. 17 

Marbled Duck or Teal. 

— 

— 

xi. pi. 21. 

Gadwall. 

vi. pi. 166. 

i. fig. 235. 

M.P. 36 ; xi. pi. 18. 

Wigeon. 

vi. pis. 169, 170. 

i. fig. 236. 

M.P. 27, 38 ; xi. pi. 20 
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Alternative Name. F. B. I. 2nd Ed. 

F. B, I. 1st Ed. 

Jebdon. 

Ancu acuta actUa, Dafila acuia acuta^ 

Dafila aciUa. 

Dafila acuta. 

Spatula dypeata. 

Spatula dypeata. 

Spatula dypeata. 

Anas querquedula. Querquedula qucrquedula. 

Querquedula circia. 

Querquedula drcia 

An€ui crecca. NeMion crecca crecca. 

Nettium crecca. 

Querquedula crecca. 

Netta rufina. 

Netta rufina. 

Branta rufina. 

Nyroca nyroca vyroca^ Nyroca rufa rufa. 

Nyroca ferruginea. 

Aythya nyroca. 

Nyroca ferina ferina. 

Nyroca ferina. 

Aythya ferina. 

Nyroca fuligtUa fidigtda. 

Nyroca fuligula. 

Fuligula cviatata. 

Mergua rncrganaer orknUAia, 

Merganaer castor. 

Mergua castor. 

(Mergua merganaer americanua.) 

— 

MergeUua albdlua. 

Mergua albdlua. 

MergeUua albellua. 

Older ABDEirORMES. 

Family ARDEID/E. 

Ar<lea cinera rectiroatria. 

Ardea cinerea. 

A rdea cinerea. 

Ardea aunuUrana aumatrana. 

Ardrea aumatrana. 

Ardea aumatrana. 

Ardea purpurea maniUenaia. 

Ardea maniUenaia. 

Ardea purpurea. 

EgreUa alba alba. 

Uerodiaa cdba. 

Herodiaa alba. 

EgreUa intermedia intermedia. 

Herodiaa intermedia. 

Herodiaa egrettoidea 

Egretta garzeUa garzetta. 

Uerodiaa garzetta. 

Herodiaa garzetta. 

DemigreUa aacrn sacra, DemiegreUa aacra sacra. 

Lepterodiua aacer. 



Nycticorax nycticoraz nyctk 

Nycticorax griaeua. 

Nycticorax griaeua. 

corax. 

Butoridea atriatua javankua. 

Butoridea javanica. 

Butoridea javanica. 

Ardeola grayii. 

Ardeola grayi. 

Ardeola leucoptera. 

Bubulcua ibis coromandua. 

Bubulcua coroman’ 
dua. 

Buphua coromandna. 

Ixobrychtia mmutua minutua. 

Ardetta minuta. 

Ardetta minuta. 

Ixobrychua sivenais sinsnais. 

Ardetta ainenaia. 

Ardetta ainenaia. 

Ixobrychus cinnamomeua. 

Ardetta cinnamomea. 

Ardetta cinnamomea. 

Dupeior flavicollia flavicollis. 

Dupetor flavicollia. 

Ardetta flavicollis. 

Botaiurua ateUaria ateUaria. 

Botaurua ateUaria. 

Botaurua atdlaria. 

Family CICONIIDiE. 

Diaaoura epkcopa epiacopa. 

Diaaoura epiacopua. 

Ckonia leucocephala. 

Ciconia cicAmia dconia* 

Ckonia alba. 

Ckonia alba. 

Ciconia nigra. 

Ciconia nigra. 

Qiconia nigra. 

Anaatomua oacitana. 

Anaatomua oacitana. 

Anaatomua oacitana. 

Xenmhyiichua aaiaikua 

Xenorhynchua 

Mycteria auatralis. 

aatalkua 

aaiatkuB, 


Leptoptilos dubiua. 

Leptoptilua dubiua. 

Leptoptiha argala. 

Leptoptiha javankua 

Leptoptilua javankua. 

Leptoptiha javanica. 

Ibis kucocephalua 

Paeudotantalua leucO’ 

Tantcdua leucoeepha’ 

leucocephaiUh 

cephaJua, 

lua. 
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English Name. 

Hodosok. 

Tickell. 

0. F. Sharpe. 


Pintail. 

Vi. pis. l«7, 108. 

i. fig. 234. 

M.P. 39 ; xi. 

pi. 19. 


Shoveler. 

vi. pis. 159, 100, IGl. 

— 

M.P. 30, 37 ; 

xi. pi. 

15 

Garganey Teal. 

vi. pis. 17.7. 174. 

— 

M.P. 37; xi. 

pi. 23. 


Gommon Teal. 

vi. pis. 171, 172. 

— 

M.P. 37, 40 ; 

xi. pi. 

22 

Rtjd-crestcd Pochard. 

vi. pis. 175, 170. 177, 188. 

i. fig. 237. 

M.P. 37. 43. 



White-oyed Pochard. 

vi. pi. 178. 

i. fig. 239. 

M.P. 37, 41 ; 

xi. pi. 

20. 

Pochard or Dun Bird. 

— 

— 

M.P. 42; xi. 

pi. 25. 


Tufted Duck. 

vi. pi. 179. 

i fig. 238. 

M.P. 41,42; 

xi. pis 





27, 30. 



Eastern Goosander. 

vi. pi. 181. 

— 

— 



American Goosander. 

— 

— 

M.P. 44. 



Smew. 

— 

— 

xi. pis. 28, 29. 



EuMlorn Horon. 

vi. pis. lOS. loO, no 

i. fig. 2tl5. 

M.P. 40. 

Dusky-grey or Typhon 

vi. pi. 110. 

ii. tig. 417. 

M.P. 45. 

Heron. 

Eastern Purple Heron. 

vi. pK in. 112. 

1. lig. 20(). 

M.P 47. 

Eastc^rri Large Egret . 

vi. pis. 105, 113. 

— 

M.P. 48, .“lO 

Indian Smaller h]grot. 

— 

— 

M.P. 49. 

Little Egret, 

vi. pis. 114, 115, no, 

117, nest; 118,119. 

' 

— 

Eastern Reef Heron. 

— 

ii. fig. 418. 

— 

Night- Heron. 

vi. pis. 134. 135, 130. 

137, 138, 130, 140. 

X. pi. 41. 

xii. pi. 3. 

Indian Little Green 

vi. pi. 120. 

— 

ix. pis. .37, 38. 

Heron. 

Indian Pond Heron or 
Paddy Bird. 

vi. pis. 125, 120, 127, 
nest ; 128. 

i. fig. 208. 

M.P. 51 ; xi. pi 5 

Cattle Egret. 

vi. pis. 120, 121, 122, 
123. 

1. tig. 209. 

M.P. 50 ; XI pi. 3 

Little Bittern. 

— 

i. fig. 212 

— 

Yellow Bittern. 

— 

i. fig. 210. 

— 

C’hestnut Bittern. 

VI. pis. 130, 131, 132. 

i. fig. 211. 

— 

Black Bittern. 

— 

i. fig. 214. 

- -- 

Bittern. 

vi. pi. 133. 

i. fig. 213. 

M.P. 52. 


White-nocked Stork. 

VI. pis. 100. 107. 

ii. lig. .309. 

M.P. 

White Stork. 

— 

— 

M.P. 53. 

Black Stork. 

vi. pis. 103, 104. 

— 

M.P. ,54. 

Open-bill or Shell Ibis. 

vi. pis. 143, 144. 


M.P. 55 

Black-necked Stork. 

vi. pis. 101, 102. 

i. fig. 203. 

M.P. 50, 57. 

Adjutant. 

vi. pis. 98, 99. 100. 

i. fig. 204. 

— 

Smaller Adjutant. 

— 

i. fig. 3(K). 

M.P. ,58. 

Painted Stork or Wood 
Ibis, 

vi. pi. 141 

i. fig. 201. 

M.P. 57, 00, 
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Alternative Name. F. B. I. 2nd Ed. F. B. 1. Ist Ed. 

Family PLEGADIDiE. 

Thre^lriomM mdoftwcepluilus. Ibis msUmoeephalus. 

hirtcotw papilloma, Psmdibis papilhms. Inocotis papiUosvs. 

Phgadis falrindlus falcinel> Plsgadis fakindlus, 

lua. 


Family PLATALEIDiE. 

Platcd-ea leticorodia major, Plakdea lemorodia. 


Order B A L B A R I C I F 0 RM E S . 

Family BALBARICIDiE. 


Megcdomis grus HI- 
fordi, 

MegaUtmis aniigone, 
a/tdigone. 

Anthropoides virgo 

correct spelling. 


Orus grus lilfordi. Qrua communis. 

Antigone anligone antigone. Qrus ardigone. 

Anihropoides virgo, Anihropoide^ virgo. 


Order OHARADRllFORMES. 
Family OTroiBiE. 

Choriotis nigriceps. 

ficmbaropsis imlica, IPmharopsis bengdlensis, 

SypheoHdes anrita, tiyphextiides indica. 

Chlamydotis unduUda maC’ 
queenii. 


Eupodotis edvwrdsi. 
Sypiteolis bengalen- 
sis. 

Sypheotis aurita. 
llouhara macqueeni. 


Family BURHINIDvE. 

Burhinus a dicnemus indu 
ctis. 

Eaarvs rerurvirostris. 


(Edicn-&m,us scolopax. 
Esacvs recur viroslris. 


Family SCOLOPACIDiE. 


Tringa ocrophus 
correct spelling. 


Tringa nebularia 


Tringa totanus tetanus. 
Tringa erythropus. 

Tringa orhrophus, 

Tringa glareola. 

Tringa hypoleucoSf 
Tringa stagnatilis. 

OloUia nebularia, 
lAmosa limosa limosa, 
Numemus a/rquota lineatus. 


Totanus calidris, 
Totanus fuscus. 

Totanus ochropus, 

Totanus glareola, 
ToUmus hypoleucus. 
Totanus stagnatilis, 

Totanus glottis. 
lAmosa beJgica, 
Numenius arquata. 


Jerdon. 


Thresktomis meJano- 
cephalus. 

Oeronticus papillosus. 
Fakindlus igneus. 


Platalea leucorodia. 


Qrus cinerea. 

Orus antigon-e. 
AfUhropoides virgo. 


Eupodotis edvardsit, 
Sypheotides bengalen- 
sis. 

Sypheottdes auritus. 
Ifoubara rnacqueenii. 


(Edicnemus crepitans. 
Esacus recurvirosfris. 


Totanus calidris, 
Totanus fuscus. 

Actitis ochropus. 

Actitis glareola, 
Actitis hypoleueos, 
Totanus stagnatalis. 

Totanus glottis. 
Limosa (pgocephdla. 
Numenius arquata. 
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English Namb. 


White Ibis. 

Indian Black Ibis. 
Glossy Ibis. 


Indian Spoonbill. 


Eastern Common Crane. 
Indian Sarus Crane. 
Demoiselle Crane. 


Great Indian Bustard. 
Bengal Morioan. 

b‘ss€«* Florican or 
lAkh. 

Maoqueeu's Bustard. 


Indian Stone Curlew. 
Great Stone Curlew. 


Bedsbank. 

Spotted or Dusky Red- 
shank. 

Green Sandpiper. 

Wood Sandpiper. 
Common Sandpiper. 
Marsh Sandpiper or 
Little Greenshank. 
Gxeenshank. 
Black-tailed Godivit. 
Eastern Curlew. 

Pboo, Zool. Soo.- 


Hodgson. 

Tiokbll. 

C. F. Sharps. 

Vi. pis. 146, 146, 147. 

— 

M.P. 61 ; xi pi. 6. 

Vi. pi. 148. 
vi. pis. 149, 160. 


M P. 62 ; xi pi. 9. 

Vi. pi. 142. 

i. fig. 202. 

M.P. 63. 

vi. pi. 30. 

i fig 199. 

M.P. 64. 

vi. pi. 28. 

i. fig 198. 

M.P. 66, 6(i. 

vi. pi. 29. 


M.P. 67. X pi. 45, 

vi. pi. 1. 

vi. pJs. 3, 4, 6, 0, 8 9. 

— 

M.P. 69. 

vi. plH. 2, 7, 10. 

— 

X. pi. H. 

— 

— 

M.P. 68. 

vi. pi. 20. 

— 

xii. pi. 11. 

vi. pi. 26. 

ii. fig. 410. 

xi. pi. 4. 

vi. pis. 76, 77. 
vi. pi. 76. 

i. fig. 191 ; X. pi. .39. 

ix. pJs. 31, 32, 33. 

vi. pis. 67, 68, 70. 

i. fig. 192. 

ix. pi. 26. 

vi. pis. 66, 66. 
vi. pis. 69, 70. 

ii. fig. 366. 
i. fig. 193. 

ix. pi. 26. 
ix, pi. 27. 
ix. pi. 30. 

vi. pis. 71, 72, 73, 74. 
vi. pi. 60. 

vi. pis. 61, 62, 63, 64. 

i. fig. 194. 

ix. pis. 28, 29. 

xi. pis. 7, 8 ; xii. pi. 9. 

xii. pi. 7. 


1930, No. XL. 


40 
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A (.‘LASSIPKUTKW OF TIIK ORIGINAL 


Alternative Name. h \ B. 1. 2nd Ed. F. B. I. Ist Ed. Jjedbdon.. 

Nwneniun phasopus varie- Nunienius phcBopus, Numeniw phoBoptu, 

gatus. 

Cdlidris minuta min- Erolia minuta minuta. Trivia minuta. Tringa minvJta . 

uta. 

Calidrijt temminckii. Erolia tfimminckii. Tringa temminrM. Tringa temminckii. 

Validrin alpina alpim. Erolia aJpina alpina. Tringa alpin>a. Tringa cindua, 

Thilomarhua pngnav. Pamnrella pugnar., Philomachtut pagnax. 

Scohpar ruativola rnstirola. Erohptix raaticala. EcolofHUX rusticola 

Capdla gallinago gallinago. Oallinago codestk. Oallinago acolopacinua 

Gapdla slenura. Oallinago atenura, Oallinago atenura. 

Capdla nemoricola, Oallinago namoricola, Gallinago nemoricola 

Oapella solitaria, Oallinago aolitaria. Gallinago aolitaria. 

Lymnorryptea minima Oallinagn galHnula. Oallinago gallinula. 

RfMirafula brnghalrndfi Itpn- Roatratula mpenais, Hhymhm bengalanaia. 

ghalrnaia. 

Family CHARADRJ fl)^. 

Sffuaiaroln aqnatarola hypo- Sgnafarola krlvrtira. Sqnalarola hrlodica. 

mda. 

PhuiaUn (buniukus fulrua. (^hma'lnns fnlva^. (%mt,drius foiufiprs. 

< 'ha) a lri na dvbi ua jerdont. .Etpahlia dubla. MgifdiUa philipprnaia. 

Chiradrius (dixandrl- l.fucopnHua uhxandri n )ifs .Egiahihs alrxandrina. .Egialitia nudianuH 

nua aerboh)))!. NH>bohmi, 

Cirrepideamva mongoliis ('itrrpedfaninH mongolna JEgiahiia nmmjohva. Mgialitia pyrrulhorax, 

atrifruna com-cl alrij'rona, 

Rpellinji. 

yandVua vandlva, Vanrllna migaria, Vandlm criafafns. 

( 'Juiht&ia grpgaria ( 'hcttusia gregaria. Chdfnsia rpfga) ai. 

Vanelhrhettuaia ('hdlusia Ifurura. ('hettuaia Uvcura. Chrlhjs^a h'unoit. 

k nr lira. 

Mivxhsarcopa cinernts, M ierosarcopa rinxrens, ('hcthtaia inornafa. 

Lubnancllna tndicna indinta, Sn)'rogra)nmua indicus. Lftbirand/va g.rn^iia. 

Ultlpinvia nialabarira, Sarriophortta malnbari- Sarr/tophoruH bilohva. 

ms. 

IJoplopffrua ventrcdia. Jloplopterua vantralia, Hophpterua mntralia* 

Jln matopva oHralegns oatra- HcemUopua ostrakgua. ' Ha&rnalopua oatralegua. 

legua. 

Himanlops himanlopas JUmardapua candidua. Himantopua candiduu 

hirnantnpua. 

Hecurviroatra avoaetta fkcurviroatra avocetta aw- Recurviroatta avocetta, Recumroalra avoeaRa, 
avoaatta correct cdta. 

Hpelling. 

Ibidorhyncha alrtUherm, Ibidorhynchua dm- Ibidorhynehua alru» 

tharai. iheraiu 
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English Nams. 

Hodgson. 

Tiokbcx. 

C. F. Shabpb. 

Eastern Whimbrel. 

Fi. pi. 66. 

L fig. 195. 

— 

Little Stint. 

vi. pi. 63. 

— 

— 

Temminok's Stint. 

vi. pi. 64. 

ii. fig. 411. 

M.P. 41. 

Dunlin. 

vi. pi. 62. 

— 

— 

Ruff. 

vi. pis. 68, 69, 60, Gl. 

— 

ix. pis. 2.3, 24. 

Woodoook. 

vi. pis. 31, .33. 

X. pi. .38. 

M.P. 70 ; ix. pis. 14. 15 
X. pi. 46. 

Common or Fantail 
Snipe. 

vi. pis. 44, 46, 46. 

' 

ix. pis. 16, 17, 18. 

Pintail Snipe. 

vi. pis. 42, 43. 

xi. pi. 22. 

— 

Wood Snipe.. 

vi. pis. 34, 35, 36, 37. 

— 

xii. pi. 28. 

Solitary Snipe. 

vi pis. 32. 38, 39, 40, 
41. 

— 

— 

Jaok Snipe. 

vi. pi. 47. 

i. iig. 190. 

iz. pk. 17, 19, 20. 

Painted Snipe. 

vi. pla. 48, 49. 

— 

ix. pi*. 20, 21, 22. 


( Jrey Plf>vflr. 

vi. pi. 15. 

— 

— 

Eji.storii rioldon Plovor. 

vi. ])ls. 16, 17. 

li, tig. 402. 

— 

.Terdoirs Lit lie Hinged 

vi. pi. (U-. 

ii. fig. 409. 

ix. pis. 5, 6. 

Plover. 

Indian Kentish Plover 

VI. jil. 18, 


i\. ])Ih. 3, 4 and loose 
plate. 

Pamirs lie^sor Sand- 

vi. pis. 18, 19. 

— 

— 

Plover. 

J^apwing or Green 

vi. pi. 20. 

— 

ix. pi. 7. 

Plover. 

Hoeiablr La})wing. 

— 

— 

ix. pis. 8, 9. 

White-tailed Lapwing. 

— 

— 

IX. pi. 10. 

Grey-headed La]) wing. 

_ — 

i, tig 200. 

— 

Rod- wattled Lapwing. 

VI. plK. 21, 22. 

1. tig. ISO. 

ix. pi. II: xii. ])1. 10. 

Yollow-wattled Lapwing. 

\i. pi. 2.3. 

- — 

ix. pi. 12 ; xii. pi. 32. 

Indian Spur- winged 

vi. pi. 24. 


xi. pi. 13 and loose plate. 

Plover. 

Oyflter-e.at(!h©r. 

vi. pi. 27, 

— — 

— -p— 

Stilt. 

vi. pis. 78, 79. 

— 

xi. pi. 8. 

Avooet. 

vi. pi. 80. 

X. pi. 40. 

— 

Xbif-BUl. 

vi. pi. 66. 

— 

— 


40 * 
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A CLAnSIFICATION OF THK ORIGINAL 


Altbrnattve Name. F. B. I. 2nd Ed. 

F. B. I. 1st Ed. 

Jbbdon. 

Family JA('ANTDiE. 

Mdftpidius indicua. 

Metopidiua indicua. 

Metopidiua indicua. 

H ydrophasianiia chirurtjns. 

Hydrophaaianua 

Hydrophaaianua 


chirurgua. 

chirurgua. 

Family (JLAKKOLTO.fil. 

Olarpnla tiltddimntm maddi- 

Glareola orientalia. 

Glareola orientalia 

varum. 

(Jalanhrysia laHfa. Glareda laden. 

Olareola Imtea. 

Glareola lactea. 

Family OURSORIID^. 

Cv raoriuH Coromandel icus. 

Curaoriua coromande- 

Curaoriua coromande- 


licvs. 

licua. 

Order 1. A H I F 0 R M K S . 

Family STER(!ORARnnA5. 

StercorarhiH pomarinus /loma- 

Stercorariva ponmfo- 

Leatria pomarinns. 

livuH, 

rhinva. 


Family LARTDA^. 

iMrm k'hlyndua. 

Larna kldhyadua. 

Kroilcocephalua ich 

Jjirus ridilnmdm Larua ridilmndva. 

harm ridihundita. 

thyodus. 

Xeina ridihvnda. 

ridibvtidua. 

Laruff brunnlcejihalm. 

Laras hru n neirephalus. 

Xema brunnicephala. 

Chlhhtiia'i leuvopnreia hulka. 

Jlydrochelidon hybnda. 

HydrorJielidon indica. 

Ifydroprogne caspia caspia. 

Hydroprogtw caspia. 

Sylochelidon capitis 

(telochelidon vilotka nihtira. 

Sterna anglica. 

Oelochelidon anglicus. 

tSterna aurantia. 

Sterna seena. 

Seena aurantia. 

Sferna ifieJanoganfer. 

Sterna melanogaster. 

Sterna Javan ica. 

Sterna albifrons puatlla. 

Stana minHtn. 

Sternal a minuta. 

Stfina Humalrana Humatrana. 

Sterna melanaiw/ten. 

Onychoprton mela- 

Sterna fvscaia infuacata. 

Sterna fuliginoaa. 

7tauche7i. 

Family RHYNOOPIT)^. 

Hhyncopa albicdlia. 

Rhyncopa albicoUia. 

Rhyncopa dlbicoUia. 


Order P 0 1) 1 01 P I D IF 0 RM E S. 

Funily POmCIPID^. 

Podirepa erislalvt crutahu. Podiciptt erisfatut. Poiieepa erUtatut, 

Pfidicepa rvfcoUia capenaia. Podieipaa albipeimia. Podkapa philippmuia. 
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English Nams. 


Bronze-winged Jaoana. 
Pheasant -tailed Jaoana. 


Ijargo Indian Pratincole 
or Swallow Plover. 
Small Indian Pratincole 
or Swallow Plover. 


Indian C‘ourser. 


Pomatorhine Skua. 


(^reat Black-headed 
Gull. 

Black-headed Gull. 

Brown-headed Gull. 
Indian Whiskered Tern. 
Caspian Tt^rn. 
Gull-billed Tern. 

Indian River Tern. 
Black-bellied Tern. 
River Little Tom. 
Blaok-naxied Tern. 

Indian Sooty Tern. 


Indian Skimmer. 


Great-crested Grebe. 

Indian Little Grebe or 
Dabchick. 


Hodgson. Tiokbll. C. F. Sharp k 


vi. pis. 81, 82, 83. 
Vi. pi. 84. 

vi pi. 12. 
vi. pis. 13, 14. 

vi. pi. 11. 


Vi. pis. 184, 185. 
vi. pi. 186. 

vi. pis. 187, 188. 

vii. pi. 189, 


vi. pi. 190 


vi. pi 182. 
vi. p 183 


i. fig. 197. 

i. fig. 295* 
i. lig. 296. 


ii. fig. 399. 

1. fig. 220. 

i. fig. 221. 

1. fig. 223 ; X. pi 44. 
i. fig. 224. 
i. fig. 298. 
i. fig. 222 . 

i. fig. 225. 
i fig. 226. 

ii. fig. 419 ? 

i tig. 297. 


fig. 240. 


xii. pi. 5. 
xi. pi. 1 


ix. loose plate 


xii. pi. 52. 


xi. pis. 31. .33. 


ix. pi. 41. 
ix. pi 42. 

Ml. j)! 2 
xi. pi. .34. 

ix pi. 44 ; xii. pi. 2. 


xi. pi. 34. 


M.R37. xi.pl. .32; 

xii. pi 1. 
ix. pis. 39. 40 



6lH ' < • ^«isrKff ATrON 

OF TMF omioivat 


Alternative Name. i 

’i). 

Jebdon. 

Order RALLIFOKMEh. 

Family RALLlDAi]. 

Rallfus nqnatinis iudicun 

Rall'ua indicus. 

Rallus indicuf>. 

Porzam piisiUa pusiUa. 

Porzana pmilla. 

Porzaua pyguuea. 

Uallina supereiliaris Auper- 

Rcdltm s'upercUiaris. 

Porzana ccyUmira. 

nliarm 

A mauroi nos fusrua fuMUs. 

A maur<frnis fitscus. 

PorMua fuftra. 

Amaurornos alcuoi akooL 

Atnauronihs akool. 

l*u}zana akmn. 

.-J mau)in // {n plum trui m.s 

. 1 luauroni in phtnu- 

( iall t n uta phtruur u ra. 

phoinh Hi UN 

rurUN. 


(Jalhmila ddoTitjuK ludiruo. (itdhmiia chloropUN. 

( iail ni ula rhiurupus. 

(bUhrre.r riverca. 

Cailirtiw r/wrm*. 

Uallicrex crisiaius. 

Poiphyn / o jtui lun pfial Uf, 

Porphyrio pohorc- 

PmphyrUi poViu- 

poliorvphafuN. 

phaliifi. 

vephaluN. 

Fulica (lira aha. 

Fulica aha. 

FiilicM atra. 

Family HELK)KNlTHlJ>Ai:. 

Heliopam persunaia. 

JlahupaiN persoiiata. 

— 


Order 0 0 L UM lU F 0 KM E S . 

Funijly OOLliMBlDyE. 

*S'/i/«"worm''w.s apuav(in.s Spfmnn f n us apt- Spite uovervAiu apl 

(qmwadius, tatula. vmidus. 

Spheuoarw^ uphtnntrus Spfn'mxcrvuu uj/iictturun. Splitnocm lu ttjthi nu- 

fijilunurm tus. 

Ciocopvs phanicopterus (’ioenpuu phwmvo- (Jntvnpns phuimvo- 

ph(ffn ropier UN. plervN, pteru-a. 

CrocopVN plneviropientb CtocopVN phamko- ('roarpUN phwmw- 

riridiJ'rovN. ptentu. ptf.run. 

I Dendrojihma btcvuriu Osmolrerou bunicta, (hmotmon bfciucta. 

I bicdvcla. 

Oeiidntphauua vorrooi J lkvdropha»a jxmpudora (hvioi rerun phwjrei. (h'lmdrerou phayrei, 

Kpt'lliiig. ] phayrel, 

I Ikndrophma poin^Hulina (fNimdterov ajfinia. (hmutreron malabcerica, 

[ ajjiiik. 

Treron curnruuha nipalensiu. Treron 'nejtaleuifis, Trerun niptUensm, 

Ducnla badia inxujtm, Jfucula imtgnk, ('arpuphmja inmjms, 

M'uacadivoni itjua syh'otKa, ('arpophaya a-vea, Carpupfiuya uylralica, 

Columba leuvoiioia letawKda. ( 'ohmtba hutionola, (Joluvtha levrmiuta, 

Colvmba livia miemiedia. Volumba intermexiut, Columba mterniedia, 

Coluviba (CHUff ranfiuanyii. Columba eversmanni. PaUumbiena avers- 


manm. 
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ilOJKjSON. Tickbll. C. F. Shabfb. 


Indian Water Rail. 

vi pi. 97. 

Pigmy or BailJon’s 

vi. pi. 94. 

Crake. 

Banded Crake. 

vi. pi. 90. 

Ruddy (Vake 

vi. pi. 95. 

Brown Crake. 

VI. pi. !»3. 

White-breasted Water 

VI. ]>l. 92. 

Hen or Callinule. 

Indian Moorhen or 

vi. pis. SS, S9, 90, 91 

Waterhen. 

Kora or Water Cook. 

— 

Indian Purple Moorhen 

VI. pi. 85. 

or C’oot. 

Coot. 

VI. pis. 80, 87. 


i. tig. 218. 

ix. pJ. 36. 

1. lig. 219. 

— 

i. tig. 217. 

ix. pi. 35 ; xii pi. 2 a 

i. fig. 2l(). 

ix. pi. 34. 

ii. fig. 370. 
i. tig. 215. 

xi. pi. 2. 

— 

xi. pi. 2. 


Masked Finfoot. ii. fig. 31)8. 


Pin*iai 1(5(1 (li^eii Pigeon. 

Wedge-1 ailed (jroen 
Pigeon or Kokla. 

fiengul (liven Pigeon 

Burmese (jlrc(‘n Pigeon. 

Indian Oranges- breasted 
Oreon Pigeon. 

Asliy-headed Oreeii 
Pigeon. 

Oroy-froiiled Oreen 
Pigeon. 

Thick-billed Ortsen 
Pigeon. 

Hodgson’s ItnjK'i ial 
Pigeon. 

Indian Croon Imperial 
Pigeon. 

Snow Pigeon. 

Indian Blue Kock 
Pigeon. 

Eastern or Indian Stock 
Dove. 


V. pi, (i2, 

V. pis 5(i, .‘)7, oiS, ol), 
(K), (51. 

V. i)ls r»2, AJb 51. 

V. pi. 55. 

V. pis 49, 50, 51, 

V. pi. 03. 

V. pi 09. 


1. lig. 172. 

i. tig. 170. 
ii. lig. 433. 

j. lig. 291. 

i. hg. 290 • ii. fig. 301 a. 
i. fig. 173. 
i. fig. 292. 

I fig. 176. 


viii. pi. 5. 
viji. pi. 4. 
viii. pi. 1. 

viii. pi. 2. 

viii. pi. 3, 9. 


viii. pi. 6. 

viii. pi. 18 ; xii. pi. 34. 
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Alternative Name. 


C iliifubtt pimn'<!VH» 
Colnw ha hodnaon \ i , 


tijiihijwlm chiutuma 
s-uratensis. 

hjinatopella tfcit tgalth - 
HIS cmubayaiais 
i-orreot 8p(‘lling. 


¥. B. 1. 2ni) Ed. 


(Jailwnm nkulnmca nko- 
barica. 


F. B. 1. IsT Ed. 


Turin r riftorms. 
it' n opipdi a Iranqur.- 
fnirica. 

Cha(4X}pfM2>9 indim. 

( 'alaenas nkobarim. 


TurnU' puynux. 

Turuii duammierL 
Tufulx lanki. 


PlenH'Uti foKvUU'Us. 
rieHtclra areunnns. 

Ptvroclvrua vxustvs. 


Order T H R N J (U K 0 11 M E S . 

Family TUKNIOIJ)^:. 

Tnrnix mmUtlui laijoou 

Tvniix dn9mt7nicn. 

T'urvix mac'ulaluii tunki. 

Order PTEKOCLETIFORMES. 

Family PTEROCLETIDiE. 

IHtrocles fasciatns, J^teiorJea ivdicns. 

Ptvrw'loi ormikdia. 

TUrocled HcuryaUnsia JiciuvUif cxnuUis nrhwger^. 

erlangeri. 

Order GALLIFORMEB. 

Family PUASlANlOAi:;. 

Subfamily PEliDiciNAfl. 

Tetimiyallvs hmalayemw 
himalayerisk 
Akcioris gttvm cbukar. 
FrnvcoUnvft fratwolinns 


Oolumba paiumbuu cauMs. Palnrnhns caeiotis. 

Coluniba jmlchrkullis, Alstxxmvs pvlchri- 

coUis» 

Colvmba dphinstonii, AUocomua dphin- 

stonii, 

Aktmmiw pauictm, Alaocomus punicfunt. 

Ih'udrotiertm fn)dgMonii. J)en^rotreron tiodgntmi, 

M arropygia ^nufiall tuattlia. Mmropygia Insufia. 

SUeptfipelia orievUdia fer- Turtur ferrago. 

rago. 

iSttephpelia vhtnfusts aura- Turlur surate^isk. 

tcua\8. 

iStrcptopdia aeuvgalrnftis Ttutur cambayimHis. 

cu'inbaieiuiut. 

Stieptfjpaha decfutdo decaocto, 

OlnopopeUa iravgutbarim 
irauquebarmt. 

Chakutpliaps indtca indica. 


Tdraogallm hma- 
iayeh-ftis. 

Cair4ibia rhvcur. 
Francolinus vulgaris. 


.Febdon. 

Palundms casiotis, 
Pidumbus ptdohri’ 
wUis, 

Palumlnui dphin- 
atonei 

A Uocmms pu nicetis. 
Akortmvs hodgsonii. 
Macropyqia tuscdia. 
Turfur meena. 

Turtur anraknst^. 

T u rl u /’ rautbayctusi^ 


Turlur risoria. 
Turlur hu mills. 

lJludi'Aipha]is htdu'us 


Tumi.i laiyoor 

T'urmx sykeaii 
T uruix duss'u m i eri i . 


Plerrji’les fasciaius. 
Pterwles arenariua. 

PUirodes exusltta. 


Tdraogallus himalay’ 
ensis, 

Caccabis chukor. 
Fraticolrnus vulgaris. 


asia 
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English Name. 

Hodgson. 

Tioksll. 

0. F. Smarpe. 

Eantern Wood Pigeon. 



- 

M.P. 71. 

Ashy Wood Pigeon. 

V. pis. 07, 08. 

X. pi. 30. 

viii. pis. 13, 14. 

Nilgiri Wood Pigeon 

— 



viii. pis. 10, 17 ; xii. pi. 

Purple Wood Pigeon. 



i. %. 174. 

20. 

Npeekled Wood Pigeon. 

V. pis. 04, (>5, 00. 

— 

viii. pi. 15. 

Par-tailed Cuckoo-Dove. 

V. pis. 70, 71. 

i. ilg. 170. 

viii. pi. 19 ; xn. |il. 18 

Northern Indian Hufuiis 

V. pis. 72, 7:i, 74. 

— 

viii. pi. 20. 

Turtle Dove. 

Indian Spotted Dove. 

V. pis. 75, 70. 

— 

viii. pi. 9. 

Indian Little Brown 

— 

i. tig. 177. 

viii. pi. 8. 

Dove. 

Indian Ring Dove. 

V. pi. 77. 

— 

viii. pis. 9, 10. 

Indian Red Turtle 

V. pi. 78. 

1. tig. 178. 

viii. pi. 12. 

Dove. 

Indian Bronze-winged 

V. ]>1. 79. 

ii. tig. 302. 

viii. pis. 21, 22. 

or (Been- winged 

Dove. 

Nicobar Pigeon. 

— 

ii. fig. 403. 

— 


(Vniimon Bustard- 

V. pis. 149, 160. 

i. tig 188 ; XI. pi. 21. viii. pi. 60. 

Quail. 



Little Button Quail. 

v. pis. 147, 161. 

viii. pis. 48, 49. 

Indian Ihitton Quail. 

V. pi. 160. 




Painted Sand Crouse. v. pi. 81. 

— 

viii. pl. 23. 

Imperial or Black- v. pi. 80. 

— 

— 

bellied Sand Crouse. 



Common Indian Sand ▼. pi. 82. 

— 

viii. pis. 24, 26, 20. 

Crouse. 




Himalayan Snow Cook. 

V. pis. 119. 120. 

' — 

— 

Chukar. 

V. pl. 131. 

— 

M.P. 70. viii. pi. 33. 

Indian Black Partridge. 

V. pis. 124, 126, 120, 

127, 128, 129^ 18(1. 


viii. pis. 31, 32. 
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A CIASSIFICATION OF THE C^KIOIRAI. 


Altebkative Name. h\ B. 1. 2njj Ed. 

F. B. f. JsT Ed. 

Jerdon. 

Fnmcolinus francoUnus 

FrancoHnua vulgaris. 

FrancoUnus vulgaris. 

tnelanonotus. 

FraneolinuB pinladeanua 

FrancoUnus chinmsis. 

— 

phayrei. 

FrmmMnus gularia. 

Francolmus gularis. 

• Ortygoinis gularis. 

Framvlinus pttfidicermnua 

FrancoUnus pimdi- 

Ortygorn is ponti - 

pjudksnmm. 

ctrianus. 

veriana. 

Franwlium piyndkeriatmH 

FrancoUnus pondi- 

Orytygornis 'ponli- 

iuhrpositm. 

ccrianus. 

ceriana. 

Pmlir hfrthjHomw hodysotiia\ 

I *erd i,r htdyso n i(p. 

— 

Perdivula asuUira usUUka. 

Perdivula asKdica. 

Pe rdivu la va rn hay* ' n 

Perdicula asialica argoun- 

Pcrdicula argunda. 

SIS. 

Perdivula askUiva. 

dah. 

Arb€^ophila iorqueola tor- 

Arboricola iorqueola. 

A rborkola torqueulu. 

queola. 

Arborophila rufogvlaris 

Arboricola rujigularis. 

Arbonvoia rufogiilai is. 

rufogularis. 

Arbt/rfjphila bruwieoptdua 

Arboricola brunncA- 



brutmmpectus. 
Tropicoperdix cMoropus, 

pevius. 

Tropiarpcrd lx vhloro- 



Cryptoplectron eryihrorhyii- 

pus. 

Microperdix eryllno- 

Perdivula erylhro- 

chum erythrorhyvchum. 

rhynchus. 

rhynxha. 

Hottvlus rtmlout liolhlus roulroul. 

HoUulus roulroul. 

— 

correct spelling. 

Cot’urmx volnruix cotnimx. 

( 'of urn IX vomnrums. 

(kd urn w vom lu u nis. 

Contruix cotvrnix jajMtnira. 

( 'of u rn t X VO m nm n i ,s. 

Cot urn ix vnnunuins. 

Coturv ix coroniavdelira. 

Cot ur nix voroman- 

Colurnix twvinan* 

Excalfuctoria chinemtw chi- 

delica. 

Fxxalfacioria vhincn- 

delka. 

Fxvalfavtona vhinen- 

fi-ensis. 

SIS. 

sis. 

Galloperdix lunulala. 

Galloperdix lunuUUa. 

Galloperdix lun iihsus. 

Galloptrdix apadicta apwk- 
ceM. 

Galloperdix spoil icea. 

Galloperdix spadiccus. 

bubamily pHABiAKiNAfi. 

Ithaginis cruerUtm, 

JUtayencs vruenlus. 

Ithof/inis irutiiius. 

Lopkophontd mpcjanus. 

lAipliophoriis inipey- 

JAiphopliurus inijivy- 

Trayapon stUyra. 

anus. 

Tiagopan salyra. 

anus. 

Cerwrnis salyra. 

Tragopan ntelaiiocephalv^ 

Tragopan niclano- 

Ceriornis meluno^ 

Tragopan blythi blythi. 

cephtUus. 

Tragopan blythi. 

vephala. 

Lophura rufa 

Lophura rufa. 




WATKRt OLOUR PAINTINGS OP BIRDS OF INDIA, 


623 


English Namn. 

Hui)g»on. 

Tiokbll. 

C. F. Hhabpe. 

Ahhuiii Black PartrMgu. 

— 

i. Og. 183. 

— 

Phayre’s Burmese Fran- 

_ 

i. lig. 24. 


colin. 

Kyah or iSwaiup Part- 

V. pi. 132. 

11. tig. 435. 

viii. pi. 38 ; x. pi. 42. 

ridge. 

8outhurn Orey Part- 

— 

— 

viii. pi. 34. 

ridge. 

Northern Urey P«irt- 

V. pi. 132. 

i. lig. 184. 

viii. pi. 35. 

liilge. 

'rilH*tHii Partridge. 

V. pi. 135. 

— 

— 

Jungle Bush Quad. 

V. pi. 142. 

1. iig. 180. 

viii. [ils. 42, 43. 

Uoek Bush Quail. 

— 

— 

viii. pi. 44. 

Cuiumoii Hill Partridge. 

V. J)ls. I3(i, 137, 138, 
139. 141. 

X. pi. 37. 

viii. pis. 39, 41 ; x. pi. 
43. 

Bly Ill’s or Ilufoiis- 

V. pis. 140, 141. 

i. iig. 186. 

viii. pis. 30, 37, 40. 

throated Hill Part- 
ridge. 

Brown- breasted Hill 

— 

ii. lig. 303. 

— 

Partridge. 

Ui’een-leggod Hdl Part- 

— 

ii. iig. 390. 

— 

ridge. 

Painted Bush Quail. 

— 



viii. pi. 46. 

Ited-oKJSt^d or Ureen 

— 

ii. tigs. 373, 377 a. 


Wood Quail. 

Uoiiiinoii or Urey Quail 

V pis, 143, 144, 147. 

— 

— 

Japaiu'se Gitsy Quad. 

— 

i. iig. 187. 

viii. pis. 40 47. 

Black -breasted or Bam 

V. pi. 145. 

— 

viii. pj. 51. 

Quail. 

Blue breasted Quad 

V. pis. 140, 148. 

xi. pi iiU. 

viii. pi. 49. 

Painted Spur Fowl. 

V. pi. 118. 

i. fig. 180. 

— 

Bed Spur Fowl. 



viii. pis. 28, 29, 30 ; 

X. pi. 31. 


Blood Pheasant. 

V. pis. 93, 94, 96. 90, 



Moiial or Impoyau 

97, 98, 99. 

V. pis. 84, 85, 80, 87. 

M.P. 73. 

Pheasant. 

Crimson Horned Phea- 

V. pis. 88, 89, 90, 91 

i. fig. 170. M.1*, 74 ; v. pJ. 32, KJ. 

sant. 

92. 


Western Horned Phea- 

— 

ALE 74. 

saut. 

Blyth’s Horned Fhea- 

— 

ALP. 75. 

saiit. 

Viciliot’s File bucked 

— 

i* hg. 181 ; ii. tig. 308 a. 

Pheasant 
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AlTXBVATIVE KiMB. 

F. B. 1. 2bd Ed. 

F. B. L IsT Ed. 

Jerdon. 

DiauliyalfuM diardt. 

Lophura diardi. 

— 

— 

CroseoptiUm crosmptilon 

Cwswptihv libetanus. 

— — 

— 

crossoptibn. 

Gennaus hamiUonii, 

Qewnams albicriS’ 

Galbphasis allstrris 


Genimm hvcofnelanv«. 

talus, 

GenncBus Imcomeh’ 

talus. 


(Genyious horfijield it cumri.) 

vvs. 

Genvtnts lujrsfipldi. 

' 


Gen u it vs Iheatus linealtis. 

Oemttms liveoivs. 

— 


Gennava ttiplatiolus. 

Gemums melavono- 

(kdbphtists mclavutfis. 


Pucrmia macrohqtha ntacro^ 

tU8. 

Pvcrasia macrolojdia. 

Pvcrasia macrulupha 


hpha. 

Pvcrasia macrohpha nipal- 

Pvcrasia macrobpha. 

Pvcrasia macnthpha. 


evsis. 

Calrevs v dllichii. 

Catrevs ivaUichi. 

Phasianvs wallkhii. 

(Jalintt gallus murghi. 

Gailvs banki t a murghi. 

Gallus ferrvgiveus. 

Gallus f err tty incus 

Odlus gallmt wbinmni 

Galhs bavldra robinmuu 

Gallus ferruyiveus. 

Gallus fcnuyi ncus. 


Gailvs sonveratii. 

Gallus sonnerati. 

Gallus sonnctalu. 


PotypUctron bicAdmralum 

PolyplectroH chin- 

— 


bicakanUum, 

Polypleeirm maloccevsis. 

guts. 



Pufvo nmticua, 


Pavo inviioua. 
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English Name. 

Hodgson. 

Tioxill. 

0. F. Sbaspb. 

Siamese Fire-baoked 


ii. % 406. 


Pheasant. 

Hodgson’s Eared Pheas- 

V. pi. 83. 

— 

— 

ant. 

White-crested Kalij - 

V. pi. 110. 

_ 

X. pi. 36. 

Pheasant 

Nepal Kalij Pheasant. 

V. pk 109| 111. 


— 

Cuvier’s Kalij Pheasant. 



i. fig. 67. 


Burmese Silver Phea- 

— 

i. %. 264. 


sant. 

Blaok-backed Kalij 

V. pis. 112, 113. 114. 

i. fig. 182. 

z. pis. 37, 38 

Pheasant. 

Koklas or Pokras 

— 

— 

X. pi 24 

Pheasant. 

Nepal Koklas. 

V. pis. 101, 102. 

— 

— 

Cheer Pheasant. 

V. pk 103, 104, 105, 
10«, 107. 

— 

X. pi. .35. 

(’oinnioii KchI Jungle 

V. pk 115, no, 117. 

— 

X. pis 39, 41. 

Fowl. 

Burmese Jungle Fowl. 

— 

ii. fig. 368. 


Grey Jungle Fowl. 

— 

— 

M.P. 77x.; pi. 40. 

BurTnose Peacock 

— 

i. fig. 27(). 

— 

J^hoasant.. 

Malay iVacock ]*li(‘a- 

— 

ii. fig. 423 a 

— 

.satil. 

Bu finest* Pc.ifowl. 


1. fig. 293. 

- - 
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Introduction, 

The stuxiy of the life- history of Paraphoidon tinniduhus Ooriii. uas niidertakeii 
at the suggestion of T)r. H. Scott, formerly Curator in Eiitotriology in the Univer- 
sity Museum of Zoology, Cambridge. Dr. Scott had previously imide oh.ver\otion.s 

* Oommunioated by Prof. J. Stanley Gaediner, M.A., F.R.S.. F.Z.S. 
t For explanation of the Plates, sec p. 676. 

Proo. Zool. Soc. — 1930, No. XLI, 


41 



628 


Dll. N. F. PATERSON ON THE BIONOMICS AND MORPHOLOGY OP 


on the early stages of this species, but had been unable to find ova, and was 
desirous that the biology should be further investigated. He very kindly placed 
at iiiy disposal his unpublished notes on the occurrence of the insect in various 
localities and his observations on its transformations, which information has 
proved very helpful in corroborating my own observations on its life-history. 

1 wish to take this opportunity of expressing my sincere appreciation and 
gratitude to Dr. Scott, not only for suggesting the line of investigation, but also for 
his assistfuico and kindness at the inception of the work and for the manner in 
whicli he has supervised it. My thanks are also due to Prof. J. Stanley Gardiner, 
M.A., F.Il S., for the keen interest he has taken in the progress of this investiga- 
tion, wliich was carrieA out in the Zoological Laboratory, Cambridge, during 
tenure of a Union Post-Graduate Scholarship, awarded by the University of the 
Witwatersrand, Johannesburg. I am also indebted to Mr. Gilbert Carter and 
Mr. Gray, of the Botany School, Cambridge, for the identification of various 
botanical specimens. 

The family Chrysomelid.'e includes a very large number of attractively coloured 
insects, which are exclusively phytophagous both in their larval and adult stages. 
The family, as a whole, is difficult to define on account of the variety of form and 
diversity of structure exhibited by its members. The differences are particularly 
marked in the early stages, many of which, by reason of their extraordinary 
external appearance, seem to have little affinity for each other beyond their 
phytophagous habit. 

In a classification of tlio family, based principally on adult chaiacters, five 
primary divisions are usually recognized, the largest and one of the most important 
of whicli, from an economic point of view, is the Ctfclica. Several species of this 
group are destructive to crops and cultivated plants. Of these may be cited the 
cosmopolitan genus Pheedon, the larva) and imagines of wliich have attracted 
considerable attention in vtirious countries, on account of tlieir depredations on 
mustard and otlier cruciferous plants. 

The genus Paraphwdon was ei'ected by Dr. Sharp in 1910 for a species of 
Phmlon which, in tlie adult stage, possesses certain definite features, entirely 
justifying its separation from otlier species. These characteis may be briefly 
stated. Jn Paraphixdon (PI. 1. fig, 2) the piosternum {p.s,) is carinate, the 
inesostei'iium {ms.s.) is excavated for tlie reception of the femur of the prothorncic 
limb, and the line of the metasternum (mi.s.) is anteriorly curved. In Phmlon 
(PI. T. fig. J), on the otlier hand, the prosteriium is not keeled, the mesosternum 
has no ca\ity for the anterior femur, and the metasternal line is directed 
posteriorly. It is of interest to note in this connection that, while the larva) of 
Phmdon vochlearicB F. and Parapheedon tuinidulm present marked ilissimilaiities, 
those of Phivdmi armoracice L., the adult of which has slight indications of a keeled 
prosteruum, bear a close i*esemblaiice to the larva) of P, tuimdulas. 

The Paraphmdon is now universally recognized, and comprises the single 

species /^ tumidnlus Germ., which has no synonyms. This species has received 
little attention as yet, probably on account of the fact that it is, fortunately, of no 
great economic importance, its attacks being chiefly confliied to wild food-plants. 
A review of the literature, therefore, reveals very few records of its capture, and, 
so far as the writer is aware, there is only one reference to its life-history. Tn 
1882 T. H. Hart bred some larvflB, but “failed to detect the vestige of an egg.*’ 
No mention is made of tlie number of instars, and a very brief description of 
the larva and pupa is given. A complete account of the biology and morphology 
of the immature stages is, therefore, not on record. 

One of tlie principal objects of the present paper, in addition to a study of the 
biology of ParaphcBdon tu midulus and the anatomy of its larva, was the investiga- 
tion of certain features in the larvae and pupae of other typical British Chryso- 
melidse, as a source of information regarding the structural and biological 
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relationships within the family. The study of the immature stages of insects, 
from the point of view of phylogeny, is of comparatively recent development, and 
lias been largely neglected in the Chrysomelida). The present paper, to a certain 
extent, demonstrates the value of such an investigation in the Ohrysomelidte, but 
in view of its limitations, it is only submitted as a basis for a further and nioie 
comprehensive study of this large and interesting family. 

Part I.— ^The Bionomics and Anatomy of the Early Stages of 
Paraphsedon tnmidulus Germ. 

Material and Methods. 

The chief sources of supplies of adults and larvjc for the present investigation 
were two isolated localities in the vicinity of Cambridge, namely, at barton Road, 
Cambridge, and at Harlton, Cainbs. In l)oth of these localities the insects were 
very numerous in spring and summer, ami consequently, in a<idition to extensive 
bi-eeding in the laboratory, field observations on the habits and natural history of 
the insect were possible. 

Ill the laboratory the insects were subjected to as natural environmental 
conditions as possible. 'I'he}' were placed on healthy plants, growing in pots, ami 
under cover of glass cylinders witli gauze tops, allowing of tin* entrance of air, and 
at the same time, preventing tlie accumulation of excessive moisture on the sides 
of the cylinders, ddie plants were at first placed in a room which had an almost 
normal outtloor temperature, but were later transferred to a cold-frame in tlie 
grounds of the lahoraf/Ory. Teiuporatiire records were kept during the period of 
observation, in oi'dcr that lefereiice could be made to them in the event of any 
marked discrepancy or abnormality in development. It was found, however, that 
the insects responded favourahly to their new surroundings, and development 
from egg to adult proceeded in a normal manner. 

The larval morpliolngy was in\ estigate<l principally in third-stage larva* by 
means of <li.ssectioiKS and sections. The alimentary tract and the respiratory and 
excretory systems were traced in freshly killed specimens iminer.sed in noinial 
saline solution. 'Ihe niiiscul.ir and nervous sysbems were more easily followed in 
larva) which had been preserved for some time in 70 per cent, alcohol. Specimens 
for sectioning were fixed in bonin’s solution, and the sections stained \Nith luema- 
toxylin and eosin. 

( 1 EOO UArniCAL DiSTKI li UTION . 

Although usually recorded as a. common nn<l widely spread species, on account 
of the numbers in wliicb it may be collected in agi\eii locality, )t was observcil 
Unit l^araphcedon tuwididus was rea lly somowiiat local and sporadicin its distrihni ion, 
being limited to isolated colonies in definite and restricted areas. Doville (19::;?! ), 
in discussing the present (lay distribution of this s})pcies as compared witli its (^ai Her 
distribution, lemarks that, “dans les lies britaniiiqiies et eii barbaric (iJs) jae- 
seiiteni aujourd’liui nno zone de dispersion assez continue, alors (pie dans rinter- 
valle on n’observe qiie des stations sporadiques.’’ It is tJierefore of intiuest to 
find that indications of this irregular distribution still exist, and an exaniinatioii 
of the various environmental fa(*tors whicli govern and control distribution and 
dispersal elucidates, in some raoasure, the problem of discontinuous distribution 
in this species. 

The chief factors which control the distribution of animals in general are food- 
supply and climate, and in the case of phytophagous insects tlie former is usually 
decisive. This factor, however, is hardly applicable to Parajdicpdon^ ns its food- 
plants occur in a variety of topographical situations and occupy a much wider 
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r.'inge of habitats than the insects. Shortage or Jack of food-supply cannot there- 
fore account for it^ absence from some Jocalities. 

Conditions which fjivoiir the growth of the food -plants are concomitant witli 
those controlling the developnient of the insects, and it is among these that an 
explanation of the spasmodic occurrence of the species is to be sought for. 
Examination of the ])roperties of the soils tends to show that special chemical and 
physical constitutions are not essential to its development, as pupation and 
jc.stivation occur nornuilly in ditferent kinds of soils. Thus, for instance, the 
insects have been collected on plants growing on cbalk, clay, and sandy soils, 
while in the laboratory they will pupate on the soil-surface or even in the bottom 
of empty glass vessels. 

From experience in rearing the beetles in tlie laboratory, it is found that 
during pupation and aestivation excessive desiccation or moisture lias to be avoided. 
Jt is, therefore, assumed that the moisture-content of the soil is one of the prin- 
cipal factors controlling tlie distribution of this sp(*cies. That the distribution 
within a restricted habitat is primarily dependent on moisture, which to some 
extent is regulated by the composition of the soil, is further demonstrated by the 
fact that tlie beetles do not occur on marshy ground, but are abundant on low 
banks and shallow roadside ditches. They are also ])lentiful on high well-drained 
ground bordering ponds, on bill-tops aii<l slopes, and on open heath-land, which 
implies that soil conditions in these localities, ratliei* than any special topographical 
feature, apjiear to regulate its disjiersal. 

Other factors, such as temperature, sunshine, and rainfall, do not appear to 
have had any marked eflect on their movomouts, although the adults are naturally 
more active in sunshine, and development proceeds more rapidly at a higher 
temperature. 

Tower (1906) cites as one of the factors which controlled the movements 
of Leptiuotarsa (Ucemlineata in America, the habit of the adults of emerging from 
hibernation before their food -plant ba<l appeared, and thus necessitating a search 
for food further afield. J5y the time the adults of Pamphmlo)} appear, however, 
the food-plants, especially Anthrisevs sj/lvestris, are well est‘iblisl»ed, and there 
is no incentive for them to wander. This, combined with the fact that the beetles 
have not been observed in flight, is considered as one of the reasons for the main- 
tenance of the colonies from year to year in the same restricted av€*.‘ts. 

Wind is one of the cliiof agents, other than mechanical means of tiunsport, 
assisting in the dissemination of insects wdiich are poor flyers or are devoid of the 
])Ower of flight. Tt is jiossiblo that it has been instrumental in the dispersion of 
Pamphmlon, as no other agent which could account for its present distribution 
has been observed. 

Deville (1921) records ibis species as common in Ireland and Scotland, but 
•IS very scattered in England. Its distribution in Euroi)e is markedly irregular, as 
is shown by its occurrence in a few widely separated areas in France and Spain. 
It is also present in the mountainous and forest regions of Algiers. 

In Erighind the writer has collected it in the Hastings disti ict, at Keigate 
(Surrey), and at Wa,tlington (Oxon). in each of which localities it is abundant on 
Heracleum spkomlyUum. It is far from being uncommon in the Cambridge 
district, for, in addition to occurring in numbers on Anthriams at Harltou and at 
Barton Road, at the latter of which places Mr. A. W. Rymer Roberts, of Cam- 
bridge, observed numerous larva? in I9i:2, and kindly told the writer of their 
occurrence, it is common at Wicken Fen, Biirwell Lode, (R*antchester Meadows, 
on jmrts of the Gogniagog Hills, and at Ro^^ston. In Dr. Scott ^s notes tliere are 
also records of its capture on Heracleum at Hartlebury (Worcs), at Wye (Kent), 
and at Colinsbui’gb (Fifeshire), and of its occurrence in the lExmouth (Devon) 
district and in Dumfiaesshii’e. 
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Food-plants and Natuhe of Damage. 

Adults and larva* of Paraphmdon do a considerable amount of damage to the 
leaves of the umbelliferous plants, Anthriscus sylcestris Hoffm., Ileracleum sphori’ 
dylium L., and II. satwiim. The larvae feed gregariously on the leaves, and 
are usually sufficiently riiinierous to make their presence immediately noticeable. 
The first-stage larvae eat small round holes in the leaves, while the later instars 
and the imagines devour the leaves from tlie margins to the midrib, often reducing 
the leaf to a mere skeleton. The third-stage larva) are the most harmful, as they 
eat ravenously previous to entering into the quiescent prepupnl plinhe. Tlie adults 
do not markedly affect the plants, although they eat freely in early spring and 
after emergence from the pupal state in late summer. 

There are a few intei’esting records of damage done by the adults to various 
cultivated plants, indicating that, as in the closely-allied species, Phccdoi} cocldeariir^ 
there is a possibility of their forsaking their natural wild hosts and becoming 
serious pests of plants which aie of commercial value. In leaflet 203 of the Board 
of Agriculture and Fisheries, 1915, mention is made of the fact that P, Vnmidulus 
was injurious to celery in Yorkshire in July, 1905, and was destructive to parsley 
at Settle in August of the same year. In 1914 it is re})Oited as having devoured 
celery leaves in Dublin, Ireland, while Maulik (1926) includes it in a list of 
Chrysomelida) of economic importance on account of its attacks on potatoes in 
England. It is therefore evident that, as in many other phytophagous insects, 
thi.s species shows a tendency to extend its range of food-plants from its original 
wild hosts to cultivated plants belonging, not only to the same, but also to other 
natural orders. 

Food-test experiments in the laboratory gave negative results. Adults and 
larva) transferred from A'nthriscus sylvestris to leaves of pear, apple, mustard, and 
potato refused to feed on these plants, and died after a short time. 

These experiments are not, however, to be regarded as proving the inability of 
P. t'iuaididus to change its food-plant in nature. 

LiFE-HISTOllY. 

Adults (PI. I. figs. 1 & 2) begin to emerge from hibeniation towards the end 
of April. They are very short and convex, and ni e of a deep blue or bronze colour, 
with darker antennse and legs. ^J1ie hea<l is coarsely j)unctate, while the thorax is 
smooth and somewhat narrower in front than behind. The elytra are finely 
punctured, with heavier punctures arranged in regular longitmlinal stripe. They 
measure from 2*5 to 3*0 mm. in length. As in nearly all Ohrysomelida), these 
beetles have no visible menus of defence, and simulate death at the approach 
of danger. 

Copulation takes place several times during the breeding- sea son, which lasts 
throughout the summer months. Eggs are laid two or three days after copulation, 
the first batches being deposited about the beginning of May. Several batches of 
five or six eggs are laid, and individual females in the laboratory were observed to 
lay from twenty-five to thirty eggs. 

The eggs are placed in withered leaves and other debris at the base of the 
food-plant, and it is only occasionally in nature that they may ho observed on the 
leaves. This habit of so ofiectively concealing the eggs probably accounts for 
the failure on the part of previous investigators to discover this stage. In 
the laboratory, females only occasionally deposited eggs in the sheathing leaf- 
bases and curved petioles of the food -plant. 

The eggs are uniformly orange-yellow, elongate-oval, and measure about 
1*5 mm. long by 0*5 to 0*6 mm. broad. In most Chrysomelidse the eggs are pro- 
vided with an additional envelope, to which Lecaillon (1898) has applied the term 
epichorion. The epichorion is usually rather brittle and finely sculptured or 
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divided into a number of liexagona] areas. In Paraphcedon it is relatively smooth, 
beiii)[( very linely puiictate and less brittle than that of some of the larger species 
of Chrysoinelids. 

The egg stage lasts from fourteen to twenty-five <lays, the rate of development 
depending ehielly on the temperature. Dining tin's period one or both ends of the 
egg may become coiis])iiMion4y transparent, but as the embryo expands these areas 
disappear. I'he ociilli a, ml head -appendages are visible about three days before 
hatiihing, a nd a bout twenty -four liours before this proce.ss commences the eggs 
present a dark greyish appeaiarico, due to the development of pigment in the 
setat*, spiracles, and conspicuous dorso-lateral tubercles on the mesothorax and 
metatborax, all of which are readily distinguished through the egg-membranes 
At this stage tlie embryo is translucent yellow, with reddish ocelli and mandibles, 
and appears to become detached from the inner membranes (PI. I. fig. 4). 

Process of Hatching from the Egg. 

The process of batching has been observed in comparatively few Coleoptera, 
but it is well known that in many insects the embryo is provided with special 
structures which enable it to rupture the envelojiing memliranes, and so effect an 
opening to the oxttn ior. I'bese embryonic structures, or egg-hursters, as they 
have been termed, vaiy somewhat in form in the diff'erent orders of insects. In 
some insects, as exemplified by the (ffiry.sopi<he, the Trichopiern, and Psocidie, 
the egg-bursters are thickenings of the embryonic cuticle, which is shed iinmo- 
diately after hatching. According to Eimleii (1925) the egg-bursters in several 
Coleoptera are .speciali/ations of the dorso-lateral cuticle, and aro retained through- 
out the first iiistar. In Paraphoidon W\^ cuticle of the meso- and metathoracic 
segments is produced into a pair of short, stiff, back ward ly -directed spines (eg.h.y 
PI. 1. fig. 6), which are located on small, separate, dorso-lateral tubercles. 

The first visible evidence of hatching is a slight movement of the embryo, 
followed by regular peristaltic movements, probably induced by the alternate 
contraiition and relaxation of the body-muscles, accom[)anied by blood-jiressure. 
The anterior extremity of the embryo becomes percej)tibly swollen, and tlic 
tboi’acic segments come into close contact with tlie envelo})ing egg-mem bi*anes. 
During these regular sliding movements a longitudinal slit, which is first revealed 
by the slow erection of a seta tbrougli it, is effected on each side of the egg in the 
region of the thoracic egg-bursteis. Further pressure is brought to hear on this 
part of the egg-shell by the dilated anterior extiemity of the embryo, and the 
aperture on one side gradxially lengthens to allow of tlie emergence of the young 
larva. The occurrence of a pair of longitudinal slits (Z.s., PI. J. fig. 5) was noted 
in several species of Chrysomeliclte, and has also been described by Bertrand (1924). 
It is thought, as AVoods(]917) has suggested, that the second slit probably les.sens 
the rigidity of the egg-shell and facilitates the emergence of the larva. Neither 
of the slits extends to the extremity of the egg-shell, and, as a rule, the oneen tlie 
left side is the longer. In no case did the mandildes pierce the chorion or in any 
way visibly assist in the passage of the laiva to the exterior. In some insects, as 
described by Cliapman (1903) in Orina trislis and Smith (1920) in Cot'gdalis 
r£)n/?^<a, hatcliiiig is effected by tlie swallowing of air- bubbles, but tin's phenomenon 
was not observed in the emVnyo of Paraphcedon. 

The meaonotnm is the first part to protrude from Uie egg-shell, and is followed 
by the metanotum and pronotniu respectively. The anterior extremity of the 
embryo ns.minies an arched appearance until the bead is liberated. When this 
is accomplished, the head-seta^ are gradually freed and directed forwards, while 
those of the thoracic segments are likewise raised from the body-surface and 
directed backwards. The posterior extremity of the larva is rather attenuated, 
and the anal region is slightly curved under tlie sternum of the preceding 
segments, but, as the larva moves forward, the abdomen gradually straightens. 
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The legs soon become liberated, and sliortly afterwards the larva succeeds in 
withdrawing itself from the egg-shell. The whole process takes from twenty 
to thirty minutes. 

The larva is at first of a bright translucent yellow, with slightly darkened 
setae, spiracles, and thoracic tubercles, but the cuticle gradually becomes pigmented, 
the colour deepening until the body assumes a general blackish appearance. The 
head, pronotum, and the three pairs of thoracic legs are usually brilliant black, 
while the tubercles and setae are of a lighter brownisli- black colour. 

Duration of Larval Life, 

Larval life lasts for twenty to thirty days, during which period two moults are 
undergone. 

The first instar is, as a rule, of six or seven days’ duration, but may in a few 
instances be prolonged to eleven days. First-siage larvce (PI. T. fig. 8) measure 
from 1 ’85 to 2*5 mm. long by 0*9 to 1*00 mm. broad. The head and prothorax 
are large, and the legs are long in proportion to the rest of the body. These larvai 
are characterized by the presence of two pairs of dorso-lateral eversihle glands 
(f?r.<7.), situated on the meso- and metathorax. Previous to moulting into the 
second stage the larva attaches itself firmly to the leaf- surface by its anal extremity. 
Moulting or eedysis is accornplislied by the rupture of the head-capsule along the 
epicranial sutures, accompanied by the splitting of the body-w'all along the 
mid-dorsal line of the thorax. After each eedysis the larva is of a translucent 
yellow, similar to that of a recently hatched larva, but the colour rapidly deepens 
until the‘larva presents a general greyish-black appearance. 

Larvae of the seemed instar measure 3*00 mm. long by 1*00 mm. broad, while the 
head is 0*85 mm. across. The second instar may last from four to thirteen days, 
hut the usual period is a week. In the .second and third instars the short spinous 
egg-bursters are lacking, but their setiferous tubercles are still represented. ’J'he 
second and third-stage larrw (PI. T. fig. 7) possess seven pairs of eversihle 
abdominal processes, in addition to the two pairs observed on the thoracic 
segments in the first instar. Third-stage larvie are rather lighter iii colour than 
the preceding stages, and as they mature they assume a yellowish-green body- 
colour, with brownish liead, pronotum, and tubercles. Aftei* about nine or ten 
days, during which time the larvae eat voraciously, they enter the ground to 
complete their transformations. They burrow about an inch or more below^ the 
surface of the soil, and there construct rounded eartlien cells by contortions of the 
body. It is thought tliat the earth lining the cell is cemented together by a secre- 
tion from the maxillary glands. 

The larva spends ten days or even a fortnight within its cell, in a quiescent 
prepupal stage, before metamorphosing into a pupa. The body of the i)repupa is 
somewhat arched and stout, and the insect gradually becomes less responsive to 
stimuli, until, owing to histolysi.s of the larval tissues, it is entirely unable to 
move. The prepupa moults in a manner similar to that observed at the end of 
each larval instar. The last larval skin is not retained as a covering, but is cast 
to one side. The pupal stage is of ten to fourteen days’ duration. Normally the 
newly emerged beetle does not leave the pupal cell until it has as.sumed its full 
coloration, which is usually efiected in a few hours. 

The beetles immediately begin to feed, and may be observed in the field until 
the end of July or the beginning of August, when some of them go into spstivution. 
There is no tendency for the adults to pair after emergence from the pu])al state, 
and consequently only one generation in the year results. They remain in con- 
cealment until the following spring, when the life-cycle is recommenced. Some 
adults were observed to live for two seasons, but, as a rule, they die soon after ovi- 
position. 
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Parasites of the Larva. 

Ill some districts the larvae are lieavily parasitized l>y Meigenia for alis Mg., 
while in other localities very few are affected. The eggs of this Tachinid are laid 
on the body- surface of the larval host. The larva of the parasite thou bores its 
way into the body-cavity of the host, which succumbs in the tliird instar. By that 
lime tlie parasite has pupated, and the larval Paraphmdon becomes stiff and 
dilated, with the (Miticle tightly stretched around the fly puparium, which usually 
effects an opening to the exterior in the antero ventral region of the ilead host. 


Text-flgure I . 



No other insect, parasites were observed, but Dr. Hcott has not€*d that, according 
to Doiiisthoipe, t>*apnnu8 adults prey on the larvaj of Paraphoidon. 

Tlie hirvo) ^^ore not examined for protozoal parasites, but on one occasion on 
dissecting the alimentary canal a grcga line- like organism (text-fig. 7) was 
observed. (Iregarines aie of common occurrence in Coleoptera, as has been shown 
by the researches of Watson (llHfl), but the species reconled in Chrysomelida* are 
unlike that observed in Paraphwdon. 

MoUrJlOLOGY OP LAliViE ANB 1^UI>A2. 

A. The Pupa. 

In lift* the average pupa {P\. 1. figs. 9 10) measures 3-5 mm. long by 

2 00 mm. across the thorax, but in preserved specimens, in which the abtloim n 
becomes extended, the length is about 5*00 mm. The body is uniformly blight, 
translucent yellow at lirst, with siioH concolorous setie. Later, the eyes, moutii- 
parts, antenna*, and tarsi assume a deeper pigmentation. The pupa is of the 
exarate type characteristic of the order, with a strongly deflexed head {hd.), and 
with the antenna*, wings, and legs free from, but closely apposed to, the body. * The 
pronotum (;m.) forms a broad plate which partly covers the head. The meso- 
thorax and metathorax are subeqiial in length, and, as a rule, the shield-shaped 
scutelluin may be distinguished mid-dorsally on the mesothorax. The abdominal 
segments are rather short and taper towards the posterior extremity. The elytra 
(et.) and wings (trg.) are curved on to the ventro-Iateral surface of the body, 
passing between the niesothoracic and met:i thoracic legs. Tliey cover the greater 
part of the femora of the latter pair of limbs, but they do not meet ventraliy. 
The two anterior pairs of legs {p.l. and 3/s./.) are sharply bent at the femoro tibial 
joints, which project laterally beyond the elytra. The antennaj (at.) are curved 
round the femoia of the prothoracic and niesothoracic legs, and are closely applied 
to the surface of the elytra. The mouth-parts of the adult can be readily distin- 
guished beneath the thin colourless pupal integument, but they, and also the 
antenna? and legs, present a fleshy appearance at this stage. 

The ventral .surface of the body is glabrous, but the dorsal surface is furnished 
with rjither short almost colourless setie, with regular segmental disposition. The 
head has thi ec pairs of setie arranged in two lateral rows on the vertex. The pro- 
thorax usually bears eight setae on each side of the mid-dorsal line. The remaining 
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Hegments of the body liav© each a pair of short niid-doiml set®, and in most of 
the abdominnl segments there are indications of a pair of dorso>1atei*al sette. 
These latter seteo, however, can only be easily distinguished in the seventh, 
eighth, and ninth segments, in which they are relatively long and subcqual to the 
dorsal setto. The seventh abdominal segment is longer than the Jinterior sc^gments 
and is rounded posteriorly. It is provided with an additional short dorso-lateral 
seta. The eighth and ninth segments are gi'eatly ivduced, hut each bears two 
pairs of dorsal setae. 

In the Hrst to the eighth abdominal segments there* is a projecting lateial 
tubercle (Lib.), wdiich in ail segments, with the exception of the first and the 
eighth, carries a pair of set*©. In segments 1, 8, and 0, in the latter of which 
the tubercle is not demarcated, there is a single lateral seta. Spiracles are 
present on the mesothoiacic and the first six abdominal segments. The meso- 
thoracic spiracle is large and lies anteriorly in the pleural region, immediately 
behind the prothoracic shield. The dorso-lnteral alxlominal spiracles {n]),) are 
small, concoloroiis with the body, and somewhat difllcult to distinguisli. 

B. The Third-staye Larva. 

The external and internal anatomy of the third stage laiva weje studied in 
detail. 


External Anatomy. 

The larva (PI. I. fig. 7) is of the eruciforin type, with a suhcvHndricid body pro- 
vided w'lth three j)iiiis of rather short, stout, thoracic legs, adapted to a teiTe.sti*ial 
luihitat. The body is divided into a head {hd.), three distinct thoracic, and ten 
abdominal segments. In the t.liird instar the heu<l and its appendages, the })ro- 
notum (^n?.), the joijits of the legs, and the dorsal tubercles are more strongly 
chitinizod and darker in colour than the remaining parts of the body. The inter- 
segmental cuticle is not deeply pigmented, but usually exhibits a division into 
small greyish polygonal areas. The mature laiva measures 7*5 mm. long by 
2 ()0 mm. broad, and has a yellowish-green appearance owdng to the deeper 
coloration of the fat-body at this stage. The larvie are highly sensitive to 
external mechanical stimuli, as is demonstrated by the immediate eversion of their 
paired dorso-lateral glands at the slightest disturbance. 

Head. 

The structure of the head does not difier fundamentally from that typical of 
the family. It is bilaterally symmetrical and almost circular in general outline, 
being about as long as it is broad, and measuring 1*00 mm. across. It is held in 
a vertical position, and is closely approximated to the prothorax. 

Tlw, exoskeleton of the head is composed of several sclerites, which are demarcated 
by distinct sutures, the whole system of sclerites forming u more or less uniformly 
chitinized he^d-capsule. 

On the dorsal surface of the head-capsule (text-fig. 2, A) there is a well-defined 
Y-shaped epia^anial suture^ the presence of winch is regarded as a primitive 
feature, as it is typical of generalized insects. The stem of the Y, which 
forms a median suture, extends from the occipital foramen to a point about one- 
quarter of the distance from the foramen to the anterior margin of the labrura. 
The epicranial stem or coronal suture (c.a., text-fig. 2, A) is slightly reinforced on 
either side, and bifurcates proximally into two epicranial arms or frontal sutures 
(/.«.). The epicranial suture is thought, by Comstock and Kochi (1902) and other 
investigators, to represent the dorsal closure of the embryonic head, but Cramplon 
(1921) considers that it is an invagination of the integument which functions as 
an attachment for muscles. 
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The froiitnl sutures extend almost to the base of the laterally situated antennae 
(at.\ and divide the dorsal surface of the hcad>capsule into a distal region, the 
vertex (u.), and an anterior scleribe, the frons {/,), The frons is a triangular 
sclerite, embraced by the frontal sutures, and extending proximal ly between the 
bases of the antenna). K. is divided longitudinally into two equal parts by a mid- 
dorsal invagination (fA'g\ which is continuous ])os<oriorly with the epicranial 
stem. Anteriorly tlie fions is fused with the clypeue^ fiom which it is, however, 
demarcated by a greatly strengthened fronto^clypeal suture (f.cs.). The clypenl 
region is rectangular, and is divided by a narrow clypeal suture (cl.s.) into a post- 
clypeus {p.cl.) and an ante-clypeus. The occurrence of a clypeal suture is another 

Text ‘figure 2. 

A 



ParaphMdon ttm/ididui. Head capsule of third-stage larva. 


A. Dorsal aspect, X 40. B. Ventral view, with mouth-parts removed, X 50. 

C. Ventral view, X 40. 

indication of a primitive condition. The post-clypeus is pigmented and more 
strongly chitinize<l than the ante-clypeus, which is .somewhat membranous. The 
dorsal articulation of the mandible occurs near the slightly projecting lateral 
margins of the post-clypeus. 

The labru7ii (Ir.) is an unpaired sclerite which presents a bilobed anterior 
margin. It articulates with the ante-clypeus by means of the clypeo-lah^al suture 
(lr.8,\ at each end of which there is a ventro-lnteral thickening, the torma (tm 
text-fig. 2, B). ® ^ 

In some generalized insects the vertex is separated by an occipital suture from 
the occiput, which compiises the dorsal and lateral regions of the head-capsule, 
around the occipital foramen. In the larva of PurcLphced^n the occipital sutures 
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are obliterated and t.he occiput is not developed as a distinct sclerite. The posterior 
extent of the vertex is therefore indefinite. Tlje antero-lateral regions of the 
head-capsule, ventral to the antennsc, are termed the yen(H text-fig. 2, B & C), 
which, in Paraphmdon^ not further divided by longitudinal sutures into post- 
genie. Anteriorly to the gena a small sclerite (/ta., text-fig. 2, B) is separated off. 
The ventral condyle of the mandible articulates in this region, which is therefore 
probably comparable with the hyposiome. 

On the ventral side of the head-capsule there is a transvei>iely elongate region, 


Text-figure 3. 



atmd^ 


E. 

Mouth-parts and appendagres. 

A. Dorsal aspect of left maxilla, X 106. B. Ventral aspect of loft maxilla, X 106. C. Labium 
and hypopharynx of third-stage larva, X 106. D. Bight maxilla of adult, X 106. E. 
Eight mandible of larva, ventral aspect, X 47. F. Antenna of third-stage larva, dorsal 
view, X 125. G, Eight mesothoracic leg of third instar, dorsal view, X 47. 

the guUb (gl,, text-fig. 2, 0). It extends from the occipital foramen to the base of 
the siibmentum, from which it is only distinguishable by its more transparent and 
membranous appearance. 

OcellL — On each side of the head there are six darkly pigmented convex ocelli 
(oc., text-fig. 2, A B), arranged into two groups. The dorsal group consists 
of four ocelli situated in the aiitero-lateral angle of the vertex, in)mediately behind 
the antenna. The remaining two ocelli are located ventrally on the gena. The 
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anterior of these is rather smalJ and lies near the socket in v^rhich the mandible 
articulates. 

On the dorsal surface of the head there is a number of light>eoloured areas, 
arranged in regular groups. They mark tlie places of attachment on the cuticle of 
the cepiialic muscles. 

Uead-aiypeiidatjes, 

Tlie antenncb (text-lig, U, F) are situated near the antero-lateral limits of blie 
frontal sutures. Each is a simple three- join ted structure, the base of which is 
surrounded by an annular thickening of the Jiead- capsule (bjiL), termed the 
haaantenna by Oramptou (1921, A). The hrst joint of the antenna is relatively 
sliort and broa<l, and is connected with the hasantenna by means of a wide, trans- 
parent, flexible membrane which allows of considerable freedom of move- 

ment, and permits of the antenna being completely retracted within the head. 
The second antennal segment is longer than broad, and carries three short dorsal 
setae and a small peg-like proce s at the base of the third joint. The latter joint 
is elongate and terminates in a long median seta, which is surrounded by live 
shorter tactile processes {tep,), Jn addition to the terminal joint, the broad 
middle segment bears an a utero- ventral conicdl pi-ocess wiiich is probably 

likewise tactile in function. 

Mouth-parts on* Trojihi, 

The ventral or pharyngeal wall of the labi'uin is continued posteriorly as a 
membranous epipharyux (ep,^ text-lig. 2, B), which is reinfoiced laterally by two 
delicate rod-like chitinizations, probably representing vestiges of the anterior 
arms of tlie tentorium. The epipharynx is provided with two groups of five 
rounded sense-organs, and on each side of its anterior border tluu e are four or 
five short pointed setie, which project from the anterior margin of tlio lahrum. 

The mandible (text-fig, 3, E) is a stout structure, articulating with the head- 
capsule by a slight dorsal and a more conspicuous ventral comh le [con.). The 
latter articulates in a socket at the anterior extremity of the gena. 'J'lie mandible 
is further connected witli the head-capsule and maxillae by means of a delicate 
membrane. The mandible is of a generalized type, such as occurs in Periplaneta 
and in the larva of Gorydalis, It has five teeth, the inner and outer of which are 
much reduced. The three middle teeth are longer and sharper than the other 
two,' and their margins are slightly serrated. There are two long primary setic on 
the dorso-lateral surface of the mandible. The strong adductor {ad.md,) and 
abductor {ab.md,) muscles are inserted on broad tendons at its inner and outer 
margins respectively. 

The mcbxilloR (text-fig. 3, A & B) are somewhat removed from the condition 
found in primitive insects. In primitive Coleopterous! a rvas the cardo is composed 
of two sclerites, the eucardo and paracardo (Crnmpton, 1921, a ; and Gage, 1920). 
In Paraphoedon^ however, these sclerites are fused to form a single triangular 
cardo [cd,), which articulates loosely with the antero-ventral region of the gena 
near the hypostoine. The stipes {st) is an oblong sclorite articulating proximally 
with the cardo and mesially with the labium. Its labial margin is strongly 
chitinized, and may represent the inner sclerite or parastipes of more generalized 
insects. Distally a shoulder- like area, the palpifer {pf,), is demarcated. Ti e 
stipes and palpifer have each two long setae, while distally on the stipes, near the 
base of the galea, thei’e are two short setae. The dorsal wall of the stipes is 
provided with numerous short setae, arranged in semicircular groups, similar to 
those occurring on the superlinguae. 

The three-segmented via.riUary palpus (wiai.jo.), is borne at the distal end of 
the palpifer. The first joint is short and broad ; the second is rather longer and 
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bears three setse ; while the terminal segment is cylindrical, and ends in eight to 
ten short tactile processes (io.p,), 

Distally the maxilla carries a single lobe or mala (gaL), which, subsequent to 
an investigation of the condition in other Chrysomelid hirvcB, is considered to be 
homologous with the galea. It is a bro.ul triangular structure, provided with 
ten sharp, stout, tooth-like setie, which are arranged in three rows on its inner 
lateral border. The relative sizes of the sette vary, but usually the proximal ones 
are the longest. A lacinia does not appear to be represented in the larva, although 
there is an analogous structure in the adult (lac., text-fig. 3, D), provided with 
rows of setffi. 

The inner lateral border of the stipes is connected with the labium by a 
delicate non-pigniented membrane. The lahiimi (text-tig. 3, (J) shows a greater 
departure from the primitive type than any of the other head-appendages, and 
bears little resemblance to that of a generalized insect. Many of its parts seem 
to be lacking, indicating a certain degree of specialization, which is further shown 
by its similarity to the labium of Coccinellid (Gage, 1920) and Noctui«l larvae 
(llipley, 1923). The labium is composed of a large, proximal, rectangular sclerite, 
the sahmentam (swni.), distal to which there is a membranous, translucent, narrow 
area, wliioh may be homologous with the mentum, although there is no distinct 
suture. The submentum is deeply pigmented and bears one pair of primary seta^, 
while there are two pairs of setae anteriorly on the inentiim (mn.). The labial 
palpi (Ih.p.) are borne on a raised inenibranous ligula (lig.), proximal to which 
there is a. well-chitinized semicircular sclerite (pg.h.), which seems to represent 
the fused bases of the (pf/.)* The latter structures are wide membranous 

regions on each side, between the transverse sclerite and the labial palpus. 
Immediately in front of each palpus, and close to the semicircular sclerite, there 
is a prominent seta, wln'le there is also a short seta latei'ally on the sclerite. 

The labial palpus is a short two-segmented appendage. The proximal segment 
is very short and annular, but the distal one is rather longer, cylindrical, and ends 
in a group of ten short colourless processes, similar to those on the terminal joint 
of the mnxillnry palpus. 

'riie liguhi, which is homologous with the fused glosssB and paraglossse, passes 
imperceptibly into the Ijypopharynx (hyp.). In Paraplurdon the hypopharynx is 
a large membranous lobe, distal to the labium. It extends dorsally and 
posteriorly to form the floor of the pharynx. A narrow chitinized sclerite 
(hyp.r.) lies longitudinally along each side of the hypopharynx, extending as far 
as the junction of the pharynx and (esophagus, where it meets a similar sclerite 
from the epipharyngeal region. The epipharynx and liypopharynx are also 
connected by a tiiin cuticular membrane. Typically the hypopharynx bears 
three pairs of minute seta) (hyp.sa.), arranged mid- dorsally behind the labial 
palpi. 

The occurrence of a pair of dorso lateral lobes (siiperlinguie, mnxillulte, or 
paragnaths), associated with the hypopharynx, was first recorded in Endopterygote 
insects by Carpenter and MacDowell (1912) in the larvie of Helodea and JJasdllua. 
Evans (1921), who has investigatecl the condition of the liypopharynx and 
maxillulm in various orders of insects, lias shown that paired lobes on the hypo- 
pharynx are of general occurrence in insects, including larval forms, but that 
they vary greatly iu structure and in their degree of fusion with the hypopharynx. 
Many morphologists have homologized these structures with the inaxillula) of 
Crustacea, but Crampton (1921 6) regards them ns the homologues of crustacean 
paragnaths, and on this theory the term “ maxillulfie '' would be incorrect. 
The term suporlinguae has been used by Imms (1925), and is adopted in 
the present paper. In the larvie of Paraphasdm there is a pair of convex 
lateral lobes in the distal part of the hypopharynx. These lobes (si., text-fig. 3, C), 
which almost cover the surface of the hypopharynx, are beset with numerous 
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small chitinous projections, and aie regarded as homologous with the superlinguse 
of other insects, although they have apparently become entirely fused with the 
hypopharynx and have lost their appendicular appearance. 

EndoskeUton or Tentorium, 

In generalized insects three pairs of invaginations of the body-wall enter into 
the formation of the tentorium, which acts as a support for some of the head- 
structures and as an attachment for some of the muscles. In the larva of Fara- 
phoedon the tentorium is greatly reduced and presents little resemblance to that 
of closely related forms, such as the Coccinellidie (Gage, 1920). The occipital 
fommen is divided into two by the corpotentorium text-fig. 2, B and C), 

winch is a narrow membranous liar, dorsal to the guhi. It is formed by the mid- 
\ cniral extensions of the metateutoria {mt.tn., text-fig. 2, B) or dorsal arms of the 
tentorium. 'I’lie posterior arms are not clearly defined, but they are probably 
represented by annular thickenings along the dorsal and lateral margins of the 
f>ccipital foramen. 'I'he anterior arms or pretentoria seem to be absent. 

In correlation with this reduction in the number of tentorial invaginations 
several additional infoldiiigs have taken place, giving the necessary support which 
would otherwise have been afforded by the tentorium. The mid-dorsal invagination 
ill the fi’ons, and the greatly strengthened lateral portions of the fronto-clypeal 
suture, represent such secondary infoldings, and the latter of these may include 
parts of the anteiior tentorial arms, which in other forms are usually located 
along this suture. 

Body, 

The body is slightly convex dorsally and somewhat flattened ventrally. The 
thoracic segments are broad and long, but those of the abdomen are short and 
taper gradually towards the caudal extremity. The prothoracictergum(j>H., Ph I. 
fig. 7) is composed of ri broad rectangular sclerite, formed no doubt by the 
fusion of dorsal tubercles, such as occur on other segments of the body. The 
pronotum is divided inid-dorsally into two by a slender longitudinal line, which 
is continuous anteriorly with the epicranial stem of the head-capsule and 
posteriorly with a similar line in the mesothoracic and metathoracic segments. 
It is along this line that the larval cuticle is ruptui ed during eedysis. The pleural 
region is greatly reduced in the prothorax, but a single rounded tubercle (sdb,), 
situated ventro- laterally to the pronotum, may represent a subspiracular sclerite. 
Between the coxee of the legs there is a single median ventral sclerite, which may 
be homologous with the eusternum of primitive adult insects. 

The remaining body-segments are characterized by the occurrence of a number 
of pigmented chitinized areas, amingtd typically into two transverse rows on the 
tergum and a somewhat discontinuous single roAv on the sternum. 

Dorso-laterally in the mesothorax and nietathorax, and rather more dorsally 
in tlie first seven abdominal segments, there are paired eversible processes (ev.g., 
PI. I. fig. 7), each of which protrudes through an aperture in a conspicuous 
tubercle. The glands on the thoracic segments are larger than those on the 
abdominal segments, and are the only ones present in the first instar. 

In the eighth and ninth abdominal segments there are single tergal plates 
formed by the fusion of dorsal tubercles. The sternites in these two segments are 
.shorter tlian their corresponding tergites. and, in conserjnence, the anus takes up 
a ventral position The tenth abdominal segment or anal proleg (/>r., PI. I. fig. 7) 
is small and membranous, and is scarcely visible from the dorsal surface. It acts 
as a sucker-like organ and aids in locomotion. The anus is a somewhat Y-shaped 
apertiu'e, situated at the posterior extremity of the anal proleg. 

There are nine pairs of uniforous spiracles (sp., PI. I. fig. 7). The mesothoracic 
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spiracle is situated on a tubercle lying in the anterior half of the pleural region. 
In a corresponding position in the metuthorax there is a small dark plug of chitin, 
representing a riidimeiitary spiracle. The abdominal spiracles are arranged 
laterally in the anterior half of the first to the eighth segments inclusively. Each 
spiiRcle has a dark circular peritreme, which is slightly raised above the surface of 
the body. 

Legs. 

The paired thoracic legs (text-fig. 3, G) are similar in general appearance and 
chaetotaxy, and difter only in their respective sizes. Each leg consists of five joints, 
which may bo comparable with the leg-joints of adult insects, although several 
investigators are of a conti ary opinion. Packard (1898), Girault (1905), and others 
have demonstrated that the adult legs arise from hi5tol)last.s at the bases of the 
larval legs, and that during development they scarcely project within the larval 
legs. In the pleural region at the base of each leg there is an anterior triangular 
plate (<6.X1.) and a posterior rounded tubercle (<6.XII.), which may respectively 
be comparable with the episternum and epimeron of adult insects, as is interpreted 
by Crampton (1918) in various larval insects, including several species of Coleoptera. 
Roving and Champlain (1920) are of the opinion that the similar sclerites in Clerid 
larva3 are not the liomologues of the adult structures, and have referred to them as 
the pre- and post-hypopleiiral chitinizations. In the prothorax of the larva eacli 
of these sclerites is provided with one seta, but in the meso- and metathorax only 
the posterior tubercle is sotiferous and bears a single seta. 

The coxa (cx.) is a short, broad, subcylindrical joint, articulating with the 
ventral body-wall. Its inner (ventral) surface is shorter and more membranous 
than its outer (dorsal) surface. The second segment or trochanter (<r.) is short 
and triangular in outline, and bears four conspicuous setsD and several small round 
sensory pores. Its margins are deeply pigmented and strongly chitinized. The 
femur {fern,) and tibia (tib.) are subeqiml in size. The latter narrows towards its 
distal end, where it articulates with the tarsus [tar,)^ which consists of a single 
somewhat triangular segment, furnished with a sharp sickle-shaped claw (ung,) 
and one long seta. 

Chatotaxy and Arrangement of Tubercles, 

The term tubercle is applied in a general way to the chitinized, deeply pigmented, 
segmentally arranged areas which are furnished with one or several setie. The 
disposition and number of these tubercles, in conjunction witli the relative number 
of primary setaj, is of great system.atic importance, and it has therefore been 
necessary to enumerate the tubercles and a<1opt a iiomonclature which will be 
applicable to Chrysomelid Inrvie in general. The tubercles are designated by 
Roman numoi*als, and numbered from the mid-dorsal to the in id-ventral line. 
Typically each tubercle should bear one seta, but owing to specialization some of 
the tubercles have presumably coalesced, and in some cases the number of setao has 
become reduced. 

The tuboi-cles and setae in a typical segment, ns exemplified by any of the 
anterior abdominal segments, are arranged into a dorsal group (l.-l^.) extending 
from the mhi-dorsal line to the large “ gland ’’-tubercles (dl,tb,^ text-fig. 4). The 
latter tubercles in the meso- and mebithoracic segments lie in the alar region, but, 
as similar tuben^les occur in the abdomen, the term dorsodateral may be applied to 
them. They are thought to represent n fusion of a pair of anterior and a pair of 
posterior tubercles (V.-VIII.). Projecting laterally in the pleural region of the 
abdominal segments there is a large suhspiracular tubeide {s,tb,, text-tig. 4). In 
the mesothorax there are two single tubercles in a similar position, and the spiracle 
is located antero-dorsally on the proximal tubercle. In the abdomen the spiracles 
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have migrated dorsally and the two subspiracular tubercles have fused. Somewhat 
ventral to these tubercles there is another large pleural tuhercU {pl.th,), which is 
represented in the thoracic segments by the pair of sclerites at the btse of the coxa, 
'I'he tubercles oji the sternum are arranged into a ventro4ai€ral group {vl.th,, XII J., 
XIV. XVI.) on either side of a ventral group XV.), whicli extends trans- 

versely acioss the niid-vcntral line and lies in front of the ventro- lateral group. 

In the rneso- and inetn thorax the disposition of the tubercles and setae is some- 
what modified owing to the presence of legs, but there is a distinct correlation 
between it and the arrangement in a typical abdominal segment The homologies 
of the set.T on the pronotum are somewhat obscure, but an attempt is made to 
correlate them with the setic of other segments. 

Most of the primary setae are long, slender, and hollow, and have a somewhat 
trnmpet-sha})ed free extremity. Some, however, are microscopic and taper to a 
sharp point. 

The setrtl arrangement is remarkably constant throughout larval life, and few, 
if any, secondary setae are developed in the second nnd third instars. The follow- 
ing plans and remarks on the cluetottixy therefore suffice for all instars : — 


Text-figure .3 a. Text-figure 3 h. 



Diagrammatic ropreBentation of cbrntotaxy Setal plan of a typical abdominal 

of moBothorax. segment. 


From the foregoing plans it i.s evident that the arrangement of the tubercles 
nnd their coiTespondiug setae in the inesothorax is remarkably similar to that of a 
typical abdominal segment. The principal differences to be noted are the separa- 
tion of tubercles 11. and IV. in the inesothorax and the fusion of tubercle IX. 
with X. aud also XT. with XIl. in abdominal segments. Tn tlie thorax tubercle 
IV. bears two very short anterior seta*, but only one long seta is })ie8ent in 
abdominal segments, in all segments tubercles (V.-Vill.) bear two long and two 
very inconspicuous setae, representing the four setae present on separate tubercles 
in a hypothetical condition. 

On each side of the })ronotum there are ten setaj arranged along the margins as 
follows: — 



There is one additional short dorsal seta in the posterior row, but otherwise 
the arrangement conforms to that of other segments. Seta X, is located postero- 
laterally to the pronotum, and, as in all Ohvysomelid larva?, there is an insignificant 
seta in the autero-lateral angle of the pronotum between set® YIl, and IX. 
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In the posterior abdominal segments the tubercles lie closer together on account 
of the narrowing of the body towards Ihe anal extremity. In consequence of this, 
the dorsal tubercles in the eighth and ninth segments coalesce to form single 
tergites, while the ventral sclerites also become reduced. In the eighth segment 
all the dorsal setae usually persist, but the ventral selerite and its pair of setee 
(XV.), and also seta XYI., are absent. The tergite in the ninth abdominal 
segment appears to represent a fusion of the dorsal, dorso- lateral, and subspiracular 
tubercles, with the suppression of setae I., IX., and X. Ventrally in segment 9 
the single short selerite bears three pairs of seise (XII., XIII., and XIV.). 


d/iA 


Text-figure 4. 
dttb. 



vtb 


vLtb 


Chastotaxy and arranf^oment of tuborcles in tho first instar, X 53. 


The set® are also definitely arranged on each of the sclerites of the hend- 
capsule, but, as the head represents a fusion of several somites, the seta) cannot bo 
homologized with those of the body. Following Dyar's, and, later, Ripley’s (1923) 
system of enumeration of the bead-setae in lepidoptorous larva), the seta) are 
designated by an abbreviation for the name of the selerite on which they are 
located, and are numbered from the dorsal to the ventral surface by Arabic 
numerals. 'I'his system has also been applied to the seta) situated near tlie dorsal 
ocelli, altlioiigb a separate ocellar selerite is not demarcated. The seta,! ariange- 
ment on the head of Paraph cedon (text-fig. 2) is fairly typical of the family, but 
certain of the seta) present in the genus Chrysomela are absent in ParaphcEdon, 


Internal Anatomy. 


InUgumenU 

The body-wall is composed of an outer chitinous cuticle and an inner layer of 
small, uniformly cuboidal, hypodermal cells (Ay.c., PI. II. fig. 11 ; PI. III. fig. 24), 
resting on a delicate basement-membrane (6.m.). The cuticle comprises two layers 
of chitin (cw.j and cw.,), which are distinct in most parts of the body. The outei* 
(primary) layer is pigmented, N^hile the inner (secondary) layer is colourless and 
exhibits a laminate appearance. The macrotrichia are secreted by special tricho- 
genous cells of the hypodermal layer. They are sensory in function, being supplied 
by nerve-cell endings, which are somewhat difiicult to distinguish in sections of 
the integument. 

Peoc. Zool. Soo. — 1930, No. XLll. 
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Everaihle Olanda, 

It is well known that metameric cutaneous glands are of frequent occurrence 
in larval insects. Coleopterous Inrvte, and notably those of the Chrysoinelidae, are 
furnished with hypodermal glands of various kinds which usually fall under the 
category of repugnatorial organs (Oand^ze, 1874 ; Wade, 1921). Such glands are 
highly developed in the larva of Mehiaoma popuU, in which form they emit a 
whitish pungent secretion. Their structure has been investigated by various 
morphologists, notably Claus (1862) and Berlese (1909), while Garb (1915) gives 
an excellent account of the glands in Melasoma lapponica. 

In the second- and third-stage larv» of Paraphmdon there are nine pairs of 
eversible glands, arranged dorso-laterally on the nieso- and metatliorax and the 
fitst seven abdominal segments. When the larva is disturbed these processes are 
everted and have the appeai-ance of small spherical vesicles, containing a clear 
translucent fluid, within which one or two refractive whitish bodies may be 
ilistinguished. The processes remain everted for several seconds, and are then 
withdrawn, usually simultaneously, into the body-cavity. The larva is capable of 
everting its glands several times in succession, but great variation in the degree 
of response to stimuli may be exhibited. Asa rule, the third-stage larvce are the 
most sensitive. 

No appreciable odour is emitted by the glands of P, tumidulus^ and their 
efficacy as repugnatorial organs is somewhat obscure. No doubt the sudden 
eversion of the glands repels many predatory forms, and perhaps a delicate and 
highly volatile odour, perceptible only to other insects, is emitted. 

nUtology and Physiology of the Olanda, 

Eich gland (text-fig. 5 PI. II. (ig. 11) consists of a deep reservoir, which is 
an invagination of the dorso-lnteral integument. The gland, which in a retracted 
condition lies embedded in the fat-body dorsal to tlie notopleural muscles, is 
divided into a short wide anterior atrium from which the large sac-like 

reservoir {rev,) depends. The epithelium (em.) of the gland is directly continuous 
with the hypodermal cellular layei*, and the chitinons intima lining the gland is 
likewise n continuation of the cuticle. The chitinons intima of the atrium is non- 
pigmeiited ami transparent, but that of the reservoir exhibits numerous small, 
l)igmeiited, polygonal areas. I'lie primary or outer intima {int,^ is thrown into a 
number of small projections, while the secondary intima whicli is rather 

broader, has a laminate appearance. 

I’he epithelial cells are small, cuboidal, and somewhat irregular. The cytoplasm 
is linely granulated and the nucleus is relatively large and contains seveial coarse, 
deeply staining chromatin granules. A delicate basement- membrane (b, 7 n,) 
supports the epithelial layer. The gland is controlle»l by two sets of muscle-fibres. 
'I'he fir.*^t comprises a pair of muscles (m.,) arranged one on each side of the reservoir 
They are inserted at the junction of the atrium and reservoir, and regulate the 
evagiiiatiou of the proximal region of the gland. At the base of tlie resei voir 
there is a single muscle (m„j) which maintains the reservoir in jmsition within the 
body-cavity. The muscles are attached to the ventro-lateral body-wall at the 
points of attachment of various other segmental muscles. 

The eversion of the gland is effected by blood -pressure, resulting from the 
contraction of the body-muscles when the insect is disturbed. The muscles of the 
gland, on the other hand, relax, and the gland is forced out by means of the pressure 
exerted on its walla, tlie blood passing between the hypodermal layer of the l^ody- 
wall and tho epithelial layer of the atrium of the gland. The atrium alone is 
everted, for, wlien the muscles (m.j) which are attached to its base have reached 
tlieir limit of relaxation, further protrusion of tho gland beyond their insertion 
is rendered impossible. The blood -pressure against the everted wall of the 
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atrium and the anterior walls of the reservoir tends to give to the gland its 
characteristic globular shape, and at the same time is sufficient to close the 
aperture of the reservoir, preventing the excessive discharge of its fluid-contents. 
When the peripheral body-muscles relax the blood-pressure is reduced and the 
gland is withdrawn into the body-cavity by the contraction of its own muscles. 

The whitish objects observed beneath the cuticle of an everted gland are large 
glandular cells {gl.c.^ text-fig. 5, & PI. II. fig. 11), which are attached to the inner 
wall of the reservoir. As a rule, only three glandular cells are observed along the 
mid -dorsal wall of each gland, the anterior of these lying near the junction of 
the atrium and reservoir, being the one which is visible through the cuticle of 
the everted atrium. Each glandular cell (PI. II. fig. 12) is usually subspherical 


Text-figure 5. 



Evorsiblo glands, X 100. 

A. Retracted. B. Everted. 

and has a large, central, round or oval nucleus (nc.) winch contains coarse, deeply 
staining chromatin granules, arranged near the periphery. The cytoplasm is finely 
granular and may be vacuolated. A vacuolated condition is probably indicative of 
an active secretory phase, and is not always noticeable. There is a very short and 
narrow communicating canal (c.c., PL II. figs. 11 & 12) l^etween the glandular 
cell and the reservoir. This canal is continuous with the intima of the 
reservoir, and is believed to be chitinous in nature. It is usually sharply 
differentiated from the cytoplasm of the glandular cell, and its walls do not 
appear to stain with hsematoxylin or eosin. It passes into the glandular cell, 
where it ends in a slight bulbous dilation {hd,^ text-fig. 11), which is usually 
situated within a vacuole anterior to the nucleus. On either side of the entrance 
of the canal into the glandular cell there is a small, oval, deeply staining nucleus 

42 * 
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(one PI II fiR 12). These latter nuclei are larger than those of the epithelial 
Mils of liserVoir, and, although no cell-boundaries are visible, it is possible, ss 
Garb (1916) has suggested, that they are the nuclei of guard-cells which, perhaps, 

secrete the chitinous lining of the canal. 

The liquid secretion of the glandular cell is passed by means of the communi- 
cating canal into the reservoir, from whence it may be ejected at will by the larva. 
In the laboiatory, however, none of the larvte were observed to discharge any 
droplets from their everaible processes. , j • 

The basement-membrane {h.m.), supporting the epithelium of tlie gland, is 
continued over the surface of the glandular cell, which has therefore every evidence 
of being a much enlarged and specially inodihed hypodermal cell. Tlie glandular 
cells vary in size from 0-09 mm. to 017 ram., those of the thoracic segments being 
larger than those occurring in abdominal segments. 

Digestive System. 

Tlie alimentary tract is relatively shorter and less convoluted than that of 
typical herbivorous insects, but three' primary tlivisions into fore-, mid-, and hind- 
intestines are easily recognizable (text-fig. 6). 

Fore-intestine. 

No apparent histological diffeiMintiation marts the transition between the 
layers comprising the integument and those of the fore-intestine. Tlie huccal cavity 
PI. tl. fig. i7) is ^ tliickened chitinous intima which is coiitinuoiis 

with tlie cuticle. The epithelial cells, which greatly resemble but are slightly 
longer than the hypodermal cells, rest upon a delicate structureless basement- 

ThTbuccal cavity lea<ls into a short pharynx {ph., PI. TI. fig. 17), which is 
bounded antero-dorsally by the epipharyiix and vontrally by the hypophnryiix. 
There is no liistological difference between tlie jiosterior region of the pharynx and 
the mopkagns. The former region lies immediately proximal to the brain and is 
characterized by the insertion of paired dilator muscles which arise from the 
dorsal wall of the head-capsule. The (esophagus (oes., PI. TT. fig. 17) is a narrow 
tube which pisses below the brain and extends as far as the anterior border of the 
prothorax. ^ In each of these flivisions the walls (PI. Tl. figs. 13 & 14) are tlirown 
into a series of from four to six longitudinal folds, which project into the lumen 
of the canal. The primary intima (m^.,) is biownish and is provided with 
numerous sharp tooth-like projections. Tlie secondary intima {int.^ is broader 
and somewhat lamellar in appearance. The epithelial cells (em., PI. IT. figs. 13 ck 
14) are large and the cell -boundaries are rather well defined. The cytoplasm 
seems to he finelv granulated, and the nuclei (nc.) are large and contain coarse 
chromatin granules. A delicate structureless basement-membrane {b.m) supports 
the outer surface of the epithelial cells, which are further surrounded by two 
1 lyers of muscle-fibres. The inner longitudinal muscles are poorly developed, but 
the circular muscles (c.m.) comprise an almost continuous layer of strong fibres, 
lodged in a sheath of connective tissue. 

The oesophagus passes gradually into the crop (cr,, text-fig. 6, and PI. II. fig. 17), 
which is a thin-walled, distensible, piriform chamber, lying in the tl^ree thoracic 
segments. The transition from oesophagus to crop is accomplished by a gradual 
flattening of the intima and epithelium, accompanied by a marked reduction in the 
size of the circular muscles. The intima of the crop is thrown into minute folds, 
in which primary Plate II. fig. 15) and secondary layers can be distinguished. 
The epithelial cells are usually difficult to distinguish on account of their extreme 
reduction, but their presence is indicated by small oval nuclei (nc.), which stain 
loss deeply than those of the epithelial cells of the oesophageal region. The 
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longitudinal and circular muscles are much weaker than those of the a 3 SO))hagus, 
and the fibres in each of the layers are connected by numerous anastomoses. 

At its distal extremity the wall of the crop is reflected upon itself for a short 
distance to form a slight o&sophageal valve (oes.v., PI. II. fig. 17), which projects 
into the anterior region of the mesenteron. The epithelial cells of the oesophageal 
valve become progressively higher, and pass almost imperceptibly into those 


Text- figure 6. 



Alimentary tract of third-stage larva, X 12. 


characteristic of the mesenteron. The intima is continued over the inner surface 
of the valve, but ceases at the beginning of the mid- intestine. The valve is 
insufficiently developed to close the aperture between the fore- and mid-intestines, 
but the circular muscles (c.wi.) in this region are greatly strengthened, and serve as 
contrictors, which reduce the lumen of the alimentary tract and, to some extent, 
prevent the regurgitation of food into the crop. 

Mesenteron. 

The mid-intestine or mesenteron is the longest part of the alimentary canal, 
and is divisible morphologically, and probably also physiologically, into two distinct 
regions. A wide proximal region (mes.j, text-fig. 6 & PI. II. fig. 17) extends from 
the oesophageal valve at the posterior border of the metathorax to the fifth 
abdominal segment, where it narrows considerably. The second or distal region 
of the mesenteron (mes.j,), which follows, bends sharply to the left, and pursues an 
almost straight course anteriorly to the middle of the third abdominal segment. 
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in which it redoubles upon itself and passes backwards below the proximal region 
as far as the seventh abdominal segment. 

Histologically the inesenteron is distinguished from the fore-intestine by the 
absence of an intima, which seems to have been replaced by a striated hem or border 
on the inner surface of the epithelium. In the mesenteron the epithelial cells are 
large and columnar, and their boundaries are well demarcated. The muscle-layers 
are poorly developed and the disposition of the two layers is the reverse of that 
obtaining in the fore-intestine, the slender longitudinal muscles being placed out- 
side the circular layer. The histological struct ui’e of the two divisions of the 
mesenteron exhibits several well-marked differences, which suggest the possibility 
of a differentiation into .two distinct physiological regions. 

In the proximal region (PI. II. flg. 16) the striated border (5<r.^.)is well defined 
and sharply demarcated from the cytoplasm. The strise have the appearance of 
relatively long closely-apposed filaments, arising from basal granules situated near 
the inner border of the cytoplasm. In the resting phase the surface of the striated 
border is fairly regular, but during the active secretory phase granular balls of 
secretion are elaborated by the epithelial cells. These balls of secretion pass 
through the striated border into the lumen of the mesenteron, often rupturing the 
striated border in the process. 

The cytoplasm of the epithelial cells is finely granular, and may be slightly 
fibrillar at its outer border, which rests on a clearly defined basement-membrane 
(6.m.). The nuclei (nc,) are median in position. They are large and round and 
contain deeply staining chromatin granules, but they have no crystalline structures, 
such as were observed in Teriehrio molitor by Fronzel (1882). At the base of the 
ordinary epithelial cells there are wedge shaped groups of small regenerating cells 
(reg.c ), which have proportionately large nuclei, l^etween the bnsement-niembrnne 
and the circular muscles a layer of fibrillar connective tissue (co?^.) is occasionally 
observed in the proximal chamber of the mesenteron. 

The lumen of the distid division of the mesenteron text-fig. 6, PI. 11. 

fig. 17) is reduced, and the epithelial cells are more elongate than those of the 
proximal division. A striated border {strA, PI. III. fig. 18) is present, but it is 
shorter and not as sliarply diflFeren tinted from the cytoplasm as it is in tlie proximal 
region. The cell-boundaries ai’e less clearly defined, and the cytoplasm, especially 
that towards the inner border, exhibits a more vacuolated condition than is to be 
observed in the anterior region. The nuclei are large and oval and are located 
towards the bases of the cells. At the inner edge of the epitlielium large, 
irregular, vacuolated balls of secretion are given off. 

The mesenteron is the most important part of the alimentary canal from the 
point of view of digestion, and detailed accounts of its histology and physiology 
in many insects have been published. In most insects the dual functions of 
secretion and absorption are performed by all the cells of the mesenteron without 
any visible diflferentiation into two physiological regions. In the larva of 
however, van Gehuchten (1890) distinguishes between large, proximal, 
secretory cells, and equally large, distal, absorptive cells. It would appear that 
in ParaphasdoQi a somewhat similar physio]<igical dififerentiation into anterior, 
secretory, and posterior absorptive cells obtains, while it is also possible that, in 
the distal region of tlie mesenteron, the functions of liquid secretion and absorption 
are performed simultaneously. 

Pet'Urophic Mtwhrwm, 

The occurrence of a peritrophic membrane — a term proposed by Balbiani (1890) 
for an internal envelope surrounding the ingested food in the lumen of the 
mesenteron — has been the subject of much speculation and controversy in regard 
to its origin and function. Ohatton (1920) describes its formation and structure 
in Di'osophila and Daphnm, and he and Vignon (J901) have summarized the 
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various interpretations regarding its formation in different Arthropoda. The 
general opinion is that it is elaborated by special cells in the region of the oeso 
phageal valve, but its mode of formation may vary greatly in different species. 
The presence of this problematic membrane has been recor(le<l in relatively few 
coleopterous larvse, but it is of general occurrence in larval Diptera (Imms, 1907 ; 
Kweilin, 1917 ; Puri, 1925) and in many other larval and adult insects (Marty now, 
1904), in most of which it seems to arise as a product of secretion of cells at the 
junction of the fore- and mid-intestines. Voinov (1808) is of the opinion that in 
the larvie of Odonata it is not a special product of the valvular region, but that it 
represents the striated plate sloughed oft* after the elaboration of the balls of 
secretion. 

In the larva of Paraphmdon a continuous peritropbic membrane is not 
recognizable in the proximal division of the mesenteron, but in the distal division 
there is a defbute colourless membrane {pt,m ^ PI. fl. fig. 17, & PI. IIJ. fig. 18), 
which also extends into the first part of the hind-intestine. Such a membrane 
can hardly have been produced by the cells in the region of the (esophageal \alvG, 
as the large proximal chamber of the mesenteron intervenes between the valve and 
the beginning of the pei’itrophic membrane. Its origin is not clear, but its function 
seems to be closely associated with the physiological natin-e of the epithelial cells 
in the two regions in which it is developed. In both of these parts of tlui int(\sti!«e 
tlie cells are principally absorptive in function, while in the distal region of the 
mesenteron they may at the same time be secretory. In the anteia'or region of 
the mesenteron the products of secretion come into (lirect contact witli the ingested 
food, while in the distal division the peritropbic membrane intervenes between the 
food-contents and the liberated balls of secretion. Gehiujhten (1890). Vignon 
( 1901 ), and van Oorka (1914) have suggested that the digestive fluids are able to 
diffuse through tlie peritropbic membrane. Jmms (1907) is also of a similar 
oi>inion in regard to the peritropbic membrane in the larva of A^wpheles^ and 
(Ihatton ( 1 920) concludes that it probably acts as a dialyser. Tlie theory of osmosis 
presents no great difficulties, as it is well known that even the clntiiums intima 
in the hind-intestine is permeable to .some solutions (van Gorka, 1914). It is 
therefore possible that in the jieri trophic membrane acts ns an osmotic 

membrane, and allows of the constant iiiterchang(* of licjiiids botv^een the epithelial 
cells and the food contents of the intestine. 

Hindr-intesiine, 

The junction of the mesenteron and the hind-intestine is marked by a very 
slight constriction immediately distal to the exit of the AMalpigliian tubes. The 
hind-intestine is divisible into three principal parts— the ileum, colon, and rectum. 
Poyarkoft* (1910) in Galerucella and Woods (1918) in AUica recognize four 
divisions, the ileum in these forms being histologically divisible into two sepaiale 
parts. In Paraphasdou^ however, tlie histological differentiation of the two parts 
is not sufficiently important to merit their separation as distinct regions of the 
hind-intestine. 

The ileum {Urn,, PI. II. fig, 17, text-fig. 6) begins in the seventh abdominal 
segment and passes anteriorly to the fourth or fifth segment, wliere the intestine 
turns sharply to the left and, reversing its course, it continues posteriorly as the 
colon (c2«.). The colon is at first a relatively narrow tube, but in tlie scventli and 
eighth abdominal segments its walls become thin, and the tube presents an inflated 
appearance. Posteriorly, at the beginning of the ninth abdominal segment, tlie 
colon joins the rectum (rec.), which is a straight narrow tube opening at the 
extremity of the anal proleg. 

In the anterior part of the ileum the epithelium is flattened and the intimn. 
which reappears at the commencement of the hind-intestine, is thrown into 
numerous small projections. As the ileum (PI. 111. fig. 20) continues, the cells 
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become larger and the hi mem of the intestine is reduceil b)' the projection into it 
of about six longitudinal folds of tiie epithelium and its chitinous ititima. The 
cells are irregularly cuboidal and their boundaries are ill defined. The cytoplasm 
is difierentiated into a deeply staining basal layer surrouiiding the large round 
nuclei, and an outer layer which stains less deeply and is more or less fibrillar and 
vacuolated. This condition of the cytoplasm may be correlated with its absorptive 
function. The circular muscles are better developed than the longitudinal fibres, 
which are deliciite and often difficult to determine in transverae sections. They are 
arrainged internally to the circulai* layer in the anterior part of the ileum, but 
towards its distal extremity some of the fibres seem to migrate to the outer surface 
of the circular muscle-layer. 

Colon , — There is no marked difference at first betw'een this region and the one 
immediately preceding it. The epithelium (PI. III. fig. 21) is thrown into large 
longitudinal folds which almost completely fill the lumen. The cells are large and 
the cytoplasm is not difierentiated into two regions as it is in the ileum. With 
the apposition of the Malpighian tubes on the walls of the distal part of the colon 
the cells (PL 111. fig. 22) gradually decrease, the longitudinal folds disappear, and 
the muscle-layers become progressively weaker until, in the distended poi-tion, in 
which the Malpighian tubes form a ramifying system beneath the peritoneal 
membrane, the component parts of its walls can only be distinguished with difficulty. 
The chitinous intima is not strongly developed in the colon. 

The walls of the rectum (PI. 111. fig. 23) consist of essentially the same layers 
as are present in the colon. The lumen, however, is smaller, on account of the 
presence of a variable number of longitudinal folds of the epithelium and intima. 
The cells are small and somewhat ill defined, and the narrow intima is continuous 
distally with the cuticle. New and strongly developed circular muscles (c.m.) 
make their appearance at the commencement of the rectum. There are usually 
two layers of these muscles arranged in regular annular bands, which encircle the 
epithelium and give to the wall of the rectum a more or less corrugated appearance. 

M(dpi.ghian Tubes, 

The six Malpighian tubes arise separately at the distal end of the mesenteron, 
immediately anterior to its junction with the ileum. They are continuous with 
the epithelium of the mesentei on, but, as is seen in a slightly tangenl.ial transverse 
section through this region (PI. ill. fig. 19), very few mesenteron cells intervene 
between the origin of the Malpighian tubes and the beginning of the ileum. The 
six tubes are morphologically divisible into two series which unite at t.heir distal 
ends to form a ramifying system on the outer wall of the colon. 

The first series (i&<.,, text-figs. 6 & 7) comprises a dorsal and a ventral pair of 
long, relatively wide, brownish vessels, which pursue a very tortuous and con- 
voluted course throughout the body-cavity. They are held in position on the 
dorsal and ventral walls of the large proximal paj-t of the mesenteron by numerous 
tracheae, but lie embedded in the fat bo<ly distally. They pass anteriorly as far as 
the crop, and then, reversing their course, extend backwards to the seventh or 
eighth abdominal segment. Tlience they redouble upon themselves as far as the 
fifth or sixth segment, where the dorsal and ventral vessels of each side coalesce to 
form a single tube (sm.,, text-fig. 7). 

The second series (Ji/^.j^, text-iig. 7) consists of a pair of narrow milky-white 
tubes arising just, anterior to, and between the origins of, tlie first series. They 
follow the course of t.he ileum, and may have one or two slight convolutions, but 
on the whole they are relatively straight. The vessel of each side unites with the 
single tube of the first series to form a conimon stem or trunk («wi..^). The two 
common stems which are thus formed by the union of three Malpighian tubules 
on each side become closely associated with the wall of the colon. They run 
parallel with the colon for a short distance, and then each divides into three 
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separate vessels which ramify over the wall of the colon in the seventh and eighth 
abdominal segments text-fig. 7). In this region the peritoneal layer of each 

Malpighian tube coalesces with that of adjacent tubes to form two continuous 
sheaths which enclose the six Malpighian vessels. The inner sheath becomes 
closely apposed to the wall of the colon, with which, however, the Malpighian tubes 
do not communicate, each ending blindly at the beginning of the rectum. 

A somewhat similar disposition of the Malpighian tubes obtains in most 
Chrysomelid and many other coleopterous larvas (Dufour, 1843; Metalnikov, 
1908; Poyarkoff, 1910 ; van Q-orka, 1914; and Woods, 1916). 

Valery Mayet (1896), Vaney (1900), and Sinety (1900) describe the occurrence 
of two series of Malpighian tubes in other forms of insects, and suggest that, while 
the long yellowish or brownish tubes are clearly renal in function, the white tubes 
may be either partially or completely modified for the reservation of calcium 


Text-figure 7. 



Portion of alimentary tract, showing the disposition of Malpighian tubes in the region 

of the colon, X 40. 

carbonate. Keilin (1921) has also demonstrated the presence of CaOOg in the 
Malpighian tubes and fat-body of many dipterous larvae. 

There is little histological diflference between the vessels of the two series of 
tubes. The tubes of tiie first series have large c^lls which contain numerous 
golden-brown concretions, while the cells in the second series are smaller and have 
few concretions. In transverse section the tube is seen to consist of three or four 
cells, each of which has a conspicuous, rounded, basal nucleus. The cytoplasm 
towai-ds the narrow lumen stains less deeply than that at the base of the cell. It 
often exhibits faint striations, and frequently a vacuolated condition is noticeable. 
The cells are supported by a delicate basement-membrane, external to which there 
is a narrow, nucleated, peritoneal layer (joa.m., PI. JII. fig. 21). The cells and 
nuclei of the tubes, which are in apposition to the walls of the colon, are com- 
paratively small, and the lumen of the tube is also reduced. 
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NephroeyUs. 

In connection with the process of excretion most insects have several groups 
of nephrocytes, which are usually located dorsally in the pericardial sinus. Keilin 
(1917) and Puri (1925) have shown that in dipterous larvae a ventral peri- 
fesophageal group is also present, while in Pedicidus^ according to Nuttall and 
Keilin (1921), the dorsal nephrocytes are scattered throughout the fat- body. 
Injection experiments, as described by Nuttall and Keilin, were perfoimed on larvae 
of ParapfujBclon, Ammonia-carmine was injected into the posterior region of tlie 
body-cavity by means of very fine pipettes, and after a variable number of hours 
the larv® were dissected and examined for nephrocytes. In some larva* a few 
cells in the dorsal part of the perivisceral fat-body nppeared to be coloured red, but 
ill most of them no nephrocytic cells could be distinguished. 

In transverse sections of the larvae (PL III. fig. 24) there are deeply staining 
cells situated on either side of the dorsal vessel (hL), These cells (p.c.) are fre- 
quently mononuclear, and nre easily distinguished from the adjacent fat-body cells 
(/.ft-) by their less vacuolated cytoplasm. Two small bodies (n.h.), probably 
nucleoli, are present, and occasionally a binucleate condition is exhibited. These 
cells may be analogous with the pericardial nephrocytic cells observed by 
Kowalevsky (1889), Imms (1908), Bruntz (1908, 1909), and Keilin (1917) in 
various larval insects, in most of which the cells are either binucleate or multi- 
nucleate. 

Puri (1925) has described uninucleate cells on either side of the anterior part of 
the aorta in Sirnulium, but he considers that they are not nephrocytic in function. 
Although an excretory function has not been demonstrated in the cells on either 
side of the dorsal vessel in Parapheedon, it is probable that they are comparable 
with the pericardial nephrocytic cells described by Poyarkofi* (1910) in the closely 
related larval foim of Galerucella. 

Circidatory System, 

The dorsal vessel is an extremely narrow tube lying mid dorsally below' tlie 
integument. It extends from the eighth abdominal segment to the head, where it 
eiidh in a funnel-shaped aperture at the base of the brain. I'he pi-oximal portion 
lying in the thoracic segments is the aorta, while the slightly dilated abdominal 
portion is the heart, which is supported in each segment by paired alary muscles 
(«.?/*., PI. III. fig. 24). The alary muscles are attached near the proximal border 
of each tergite, and are spread out fan-wise, the muscles of each pair uniting below 
the heart. The heart does not seem to be divided into chambers, ns no ostia 
were olwerved. Payne (1916) was also unable to find ostia in the heart of 
Telephorm. The heart has the appearance of a delicate continuous muscular tube 
which may be slightly dilated in each abdominal segment. Its walls are very 
thin and the cells are greatly flattened. The nuclei (nc., PI. III. fig. 24) are 
arranged opposite each other and project laterally into the lumen of the heart. 

Maaoilla/ry Glatida. 

In the larva of Paraphaedon there are no glandular appendages associated wit h 
the alimentary canal, as gastric cseca and salivary glands are undeveloped. Many 
insects wliich lack salivary glands are provided with other secretory organs which 
usually open at the bases of the mandibles. In Parapkeedon similar secretory 
organs open on to the dorsal surface of the galea of the maxilla. These maxillary 
glands (text-fig. 8) are long and slender, and are situated in the prothorax on 
either side of the suboesophageal and prothoracie ganglia. They are veiy simple 
in structure, consisting of a central chitinous canal (c.c.) surrounded by an 
epithelial layer (em.) of large cells. The cytoplasm is granular, and the nuclei (wc ) 
are relatively large. The cells decrease in size towards the proximal extremity of 
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the gland, and the chitinous canal becomes continuous with the cuticular surface of 
the galea. The distal extremity of the gland ends blindly in the lateral part of the 

Text-figure 8. 



Bight maxilla and maxillary gland of third-stage larva, X 100. 


prothorax. Poyurkoff (1 910) describes similar organs in the \fxvvsi oi Halerucella^ 
and refers to them as salivary glands. 

Muscular System, 

The early researches of Lyonet (1762) and Lubbock (1858), and the more 
recent investigations of Forbes (1914) on the musculature of lepidopterous Inrvje 
have shown that, even in the larval stage of insects, in which the muscular system 
exhibits its least modified condition, the arrangement of the muscles is very com- 
plicated. A systematic account of the muscular system of insects has not yet been 
published, and, as the homologies of some of the muscles are somewhat obscure, 
a uniform nomenclature has not evolved from the detailed studies wliich have 
been undertaken. The general arrangement of the principal muscles, however, 
does not appear to vary greatly, and the terminology used by T)u Porte (1920), 
rather than that of Bauer (1910), may be applied to the muscles in Pamjihwdon, 

The muscles are thought to be inserted on the cuticle by means of “tonofibrille” 
cells similar to those described by PoyarkoflT (1910) in the larva of GaleruceUa, 

A. Muscles of the Head. 

Most of the muscles attached to the head-capsule are concerned with the 
movements of the mouth -parts and antennsd. 

Loftnwn.—There are two sets of muscles controlling the movements of the 
labrum. Tlie abductors {ah,lr,, text-fig. 9, A) consist of a jair of broad contiguous 



654 


DIU N. F. PATBBSON ON THE BIONOMICS AND MOBPHOLOOY OF 


muscles, arising in the distal part of the frons, and having their insertion at the 
base of the labrnni on either side of the median line. The adductors (ad^lr,, 
text-fig. 9, A) comprise two or three slender fibres which are attached to the head- 
capsule, laterally to the origin of the abductors. They are inserted at the base of 
the labrnm near its lateml border. 

Mamlihles , — The muscles associated with the mandibles occupy the greater part 
of the head-cavity and are divided into two principal sets. The adductor muscle 
(ad.7nd.f text-fig. 9, B) is the larger, and the points of attachment of its numerous 
fibres cover most of the dorsal surface of the head-capsule. It is inserted into the 
inner })asal angle of the mandible by a broad flat tendon. The abductor {ah.md,^ 
text-fig. 9, B) is a smaller muscle inserted into the outer angle of the mandible. 
Jt arises in the lateral wall of the head-capsule. 

Maxilloe . — The disposition of the maxillary muscles (text-fig. 9, D) is more 


Text-figui'e 9. 



A. Ventral view of muBoles of labrum, x 34. B. Mandibular musolos, dorsal view, x 34. 

0. Side view of cephalic muscles, X 40. D. Muscles of head appendages, ventral view, x 40. 

complicated than that of other head-appendages owing to the segmented condition 
of its paints. The adductors of the maxilla {ad.mx,) arise as a pair of short broad 
muscles on the tentorium, and pass to the postero-lateral border of the cardo. A 
short abductor muscle (a6.«wr.) arises anteriorly on the gena, and is attached to the 
distal margin of the cardo, near the insertion of the adductors. A strong com- 
pound muscle of three fibres originates at the anterior end of the gena, 

and runs to an insertion by a slender tendon at the inner base of the galea. It is 
believed to be comparable with the flexor muscle of the maxilla in Grylhis 
(Du Porte, 1920), as, working in conjunction with the adductors of the maxilla, it 
serves to close this appendage. The extensm' of the galea {ex,gaL) is a slender 
muscle inserted at the outer basal angle of the galea, and arising at the inner 
basal angle of the stipes. The extensor muscle of the maxillary palpus (ex.mp,) 
is dorsal to the flexor muscle of the palpus {fl*p*\ The foimer arises at the innei' 
proximal angle of the stipes, and is inserted at the outer lateral base of the palpus. 
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The flexor is a double muscle running from the outer lateral wall of the stipes to 
the inner base of the palpus. Within the joints of the palpus there are outer 
extensor {ext,) and inner flexor {fl,) muscles. 

Labiwm , — The musculature of the labium is very simple. There is a pair of 
broad, almost contiguous, retractor muscles {r,lb,^ text-tig. 9, D), which originate on 
the tentorium and are inserted one on each side of the ligula. There may be short 
extensor and flexor muscles within the joints of the palpi. 

TTypopharynx , — A pair of flat retractor muscles {r.hyp,^ text-fig. 9, D) runs 
parallel and dorsal to the retractors of the labium. They arise on the tentorium 
close to the latter muscles and are inserted anteriorly in the ill-defined region at 
the junction of the labium and hypopharynx. Originating from the lateral bar of 
the hypopharynx there is a short cumpreaeor muscle which runs obliquely inwards, 
and is inserted with its fellow of the opposite side near the median line at the 
junction of the liypopharynx and labium. There seems to be a depressor muscle 
(d,hyp.,t text-fig 9, 0) arising in the submentum and running to the distal part 
of the hypopharynx, near its junction with the msophagus. 

Muscles of the Antennas . — ^The antenrue are provided with at least three s'tds of 
muscles (text-fig. 9, T3). The extension of the antenna is effected by a double 
muscle {e.v.at.) inserted distally into the base of the first joint. It seems to arise 
posteriorly on the gena. flexor {fl.aL) is a single muscle arising on the frons, 

and is inserted into the proximal side of the first antennal joint. Several depressor 
muscles {dep.at.) arise on the tentorium, and ai'o attached to the ventral base of 
the antenna. 

Muscles of the Pharynx . — A series of paired muscles arises, one beliind the 
other, on the frons, and is inserted on either side of tho mid dorsal wall of the 
pharynx in front of the brain. There are three or four anterior muscles {ds.dil., 
text-fig. 9, 0), and tliree broa<ler posterior muscles. By their contraction they 
serve to ra,ise the doiml wall of the pharynx, and they are therefore dilator 
miiscles. Tliere are six or seven slender ventral dilators {v.diL^ text-fig, 9,0) 
originating in the dorso lateral angle of the tentorium. They are inserted into 
the ventro-lateral wall of tho pharynx, distal to the insertion of the dorsal 
dilators. 

Muscles controlling the Movements of the Head. 

Du Porte (1920) has classified the muscles which direct the movements of the 
head into depressors, elevators, retractors, and rotators. In Paraphmdon the 
muscles associated with the movements of the head (text-fig. 10) arise in the 
prothorax, and are inserted at various points along tlie occipital foramen and 
tentorium. The following muscles may be distinguished : — 

(a) Sterival . — There is a broad ventral depressor muscle (r^c;>., text-fig. 10) 
which arises in front of tho base of the leg. It is inserted into the distal border 
of the tentorium near the insertions of the prothoracic longitudinal muscles, 
which no doubt act as additional depressor or retractor muscles of the head. A 
pair of slender muscles {rt.i) originates in the sternite anterior to the depressor 
muscle and is inserted into the lateial border of the occipital foramen. They 
serve as rotator muscles of the bead. 

(b) Tergal . — The dorsal system of elevator muscles comprises two pairs of 
longitudinal muscles which arise on the posterior margin of the prothorax. The 
first pair (el.^) is inserted mid-dorsally into the intersegmontal region between the 
cranium and the pronoturn. The second pair {el.^) arises laterally to the first pair, 
and is inserted mid-dorsally on the cranium. In addition to these several weak 
muscles run obliquely from the origin of el.^ to the insertion of el.^. They possibly 
assist in the rotation of the head, A pair of short rotators (r^.^) arises mid- 
dorsally on the pronoturn and is attached to a lateral apodeme on the occipital 
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foramen. Another pair of rotators originates laterally to the preceding pair 
and is inserted laterally on the tentorium. 

(c) Pleural , — A pair of relatively strong fibres arises in the pleural region 
on the posterior margin of the prothorax. It passes obliquely upwards and 
forwards to the mid-dorsal border of the occipital foramen. These muscles are 
comparable with the pleural diagonal muscles in other segments, and serve as 


Text-figure 10. 



Prothoracio muscles controlling the movements of the head, X 40. 

rotator muscles of the head. Another strong rotator arises with rt.^^ but is 
inserted ventrally on the tontoriiira. The prothoracic diagonal sterno-pleural 
text-fig. 11, A) muscle, which arises on the posterior margin of the pro- 
thorax, and is inserted on the tentorium, is also a strong rotator muscle. 

(d) Tergo- sternal , — Three oblique fibres (r^.„, rt,^, rt,^) arise at the base of the 
leg and are inserted dorso -laterally on the head-capsule. 

B. Muscles of the Thorax, 

1. Prothorax, 

Several muscles may be absent in the prothorax, while many of them are 
moditied in correlation with their proximity to and association with the head. In 
addition to those directly functioning in the movements of the head, there are 
other prothoracic muscles which are homologous with those of the meso- and 
metathorax. These include four broad longitudinal sternal text-fig. 11, A) 

and several dorso-ventral muscles. The latter comprise a ter go- sternal intersegmental 
muscle (P.ts,), two pairs of anterior (an.p,), and two pairs of posterior {pn,p,) 
noto-pedcd muscles, wliicdi apparently correspond with certain of the noto-subcoxals 
and noto-coxals in Gryllus (Du Porte), as they extend between the pronotum and 
the sclerites at the base of the leg. In Paraphoidon the noto-pedal muscles in the 
proximal half of the thoracic segments are inserted on the margins of the triangular 
sclerite (ffe.XI.) anterior to tlie coxa, while those in the posterior half are attached 
immediately behind tubercle Xll. at the base of the leg. They effect the backward 
and forward movements of the leg, and have been termed flexor and extensor 
muscles respectively by Du Porte (1920). 

In the prothorox there is one pleuro-pedal muscle {pd,m,) which arises inter- 
segmentally and passes to the sternite, distal to the base of the leg. 
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2. Meaothorax and Metathorax. 

In the inesothorax and metathorax (text-fig. 11, A) the anterior and posterior 
notO'pedal muscles are disposed similai*ly to those of tho prothorax. There are, 
however, three instead of four posterior noto-pedal muscles in the two former 
segments. In addition to these, the following groups of muscles may be noted : — 

(a) Stei*nal Mmoles . — There are five broad longitudinal sternals {Is.m,) on each 
side of the nerve-cord. Oblique sterno-pedal {spd.) muscles arise mid-ventrally 
and are inserted near the outer bases of the legs. In addition to these there are 
diagonal sternal muscles (dg.s,) which arise mid-ventrally in the intersegmental 
region, and pass outwards to the insertion of the longitudinal sternal muscles. 

(b) The sterno-pleural muscles comprise a relatively broad fibre, which is situated 
in the distal part of the segment, and two slender muscles (s.pl.^ which are inserted 
on the anterior subspiracular tubercle (tb.lX.), The former single muscle 
arises intersegmentally, and passes obliquely forwards to the posterior sub- 
spiracular tubercle (tb.X.). In the mesothorax the two proximal sterno-pleural 
muscles supply the levers of the closing apparatus of the spiracle. There is also a 
relatively broad, diagonal, sterno-pleural muscle (sp.l.^), 

(c) A pair of pleuro-pedal muscles {pd.m.) arises posteriorly in the subspiracular 
region and is inserted near the posterior tubercle at tlie base of the leg. A similar 
pair of muscles is present in the prothoracic segment, but they are inserted dorso- 
laterally on the prouotum. There may be an extm pleuro<pedal muscle {pd.m.^ 
in the anterior half of the segment. It passes forwards from the anterior sclerite 
at the base of tlie leg to the intersegmental insertion of the longitudinal pleural 
muscles of the mesothorax. 

(d) Noto-plewral. — Ventral to the reservoir of the eversible glands there is a 

system of diagonal muscles which, in the mesothorax, extends between a pair of 
loiujiiudinal phural muscles {Lph) and tho pair of dorsodateral longitudinal 
muscles (df.m.). In the metathorax the longitudinal pleural muscles are absent, 
but three broad muscles are developed. Dor.sal to these there 

is a single noto-ploural muscle which passes obliquely outwards from tho 

dorso-lateral to the longitudinal pleural muscles, intersecting the first series of 
noto-pleurals veiitro-laterally to the base of the eversible glands. In the posterior 
half of the mesothorax there are two shorter noto-pleural muscles (n.pl.^, n.pl.J. 

(e) The dorsal longitudinal muscles are arranged similarly to those of the 

prothorax, into mid-dorsal longitudinals (Id.ni.) on either side of the dorsal vessel 
and a pair of .slender dorso-lateral longitudinal muscles (dUn.). Passing backwards 
and inwards (mid-dorsally) from the dorso-laterals to the mid-dorsal muscles there 
is an oblique muscle which seems to be absent in the prothorax. A second 

muscle (ob.m.Q) runs obliquely outwards from the anterior margin of the segment, 
and lies dorsal to the first oblique. It is comparable with the oblique dorsal muscle 
in the prothorax. In addition to these there is a short oblique notal muscle 
(06.7/1.3) lyitig in the anterior half of the meso- and metathoracic segments. The 
large eversible glands are controlled by three delicate muscles. The anterior 
muscle seems to originate on the dorso-lateral mai^gin of the anterior subspiracular 
tubercle, while the median muscle ( 7 / 1 . 3 , text-figs. 5 & 11, A), which is inserted at 
the base of the reservoir, arises 011 the posterior border of tho anterior pleural 
tubercle (XI.) at the base of the leg. The posterior muscle (t/i.j) is attached with 
other transverse muscles near the posterior pleural tubercle (XII.), and is inserted 
at the base of the atrium of the eversible process. These muscles lie embedded in 
the fat-body, ventro-laterally to the noto-pedal muscles. 

C. Mmoles of the Abdomen^ 

Although relatively fewer muscles are developed in the abdomen, the muscula- 
ture is essentially similar to that of the thorax. The following slight differences 
may, however, be noted. 
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In addition to the vrell-developed longitudinal (Ig.m., text-fig. 11,B) and 
diagonal sternal muscles there are tliree oblique sternals {oh,8» lying 

vontrally to the longitudinal sternals. The posterior siAvno-'pl/euraX muscle of the 
thoracic segments seems to be absent in abdominal segments, but another 
sterno-pleural {as,j)l), not observed in the thorax, lies below the intersegmental 
tergo-sternal muscle 

In each abdominal segment there is one pair of anterior and only a 

single posterior {p.Gs.j), teryo^stevnal muscle, which are respectively homologous 
with the paired anterior and posterior noto-pedal muscles in the meso- and mota- 
thorax. They originate on the sternum close to the ventro-lateral tubercle, and 
are inserted on the mesial margin of the po'iterior tlorsal tubercle In the posterior 
half of the segment there is also a relatively broad sterno-pleural muscle 
which is comparable with the pleiiro-pedal muscle in the prothorax. * * 

Longitudinal pleural muscles (IpX.) are segmentally arranged in the abdomen, 
but otherwise are only present in the mesothorax. The uoto pleural muscles are 
less numerous in abdominal segments, but the disposition of the single diagonal 
muscles (w.^Z.i& 2 ) is similar to the ai-rangement of the homologous thoracic 
muscles. In the posterior half of each abdominal segment there is a veiy short 
oblique notal muscle (r?.), which is unrepresented in tlie thorax. On the other 
hand, the anterior oblique notals (oA.m.g) of the thorax are absent in abdominal 
segments. 

The segmentid arrangement of the muscles is constant for abdominal segments 
1 to 7. In the eighth segment tin* posterior sterno-pleural {spL) of other segments 
is lacking, but the remaining muscles are relatively well developed. In the ninth 
segment there are a few very delicate transverse muscles, the homologies of which 
are not clear. The longitudinal, tergal, and sternal muscles converge towards the 
rectum in the ninth segment, and .are inserted on the body-wall of the anal proleg. 
They are probably instrumental in eftecting certain of tile movements of the anal 
region. 


D, Muscles of the Legs. 

The muscles of the leg (text-fig. 12) are broader and flatter than most of the 
body-muscles, wliicb, with the exception of the sternals and noto pleurals, .are 
somewhat cylindrical. 'Pbe muscles lying within the leg consist of (‘xtensors and 
flexors, and may be considered separately in each joint. 

(a) Pleti7'0-coxal. — Throe short broa<l muscles (c.r.c.r.) arc spread out fan wise 
ovei- the anterior tubercle (XI.) at the base of the leg. They arise on the dorsal 
border of the tubercle and are inserted on the antero doi*sal margin of the coxal 
opening. They .act as extensors of the coxa, and move the leg in a forwar<l and 
upward direction. 

(b) Co^ro-Vrochanierlc. - Three extensor muscles of the femur (eso.pAn., ] ^ &;i) 

arise on the postoro-dorsal margin of the coxa, and are inserted on the anterior face 
of the trochanter. A fourth extensor muscle (ex.feni.^) originates antero-dorsally 
on tlie coxal opening and is inserted similarly on tlio trochanter. The flexor 
muscles of the femur lie on the ventral side of the leg. Tlioy comprise two 
anterior 1 & 2 ) fti^d one postei'ior flexor. 

(c) l\ochmiie7'0 femoral. — A shoi’t muscle (a^it.ex,) appears to run from the 
proximal margin of the trochanter to the anterior face of the femur and acts as an 
extensor of the femur. 

(d) There is a single extensor of the tibia (ea;.ZiZ>.), which arises 

from the proximal end of the femur and is inseited on the dorsal side of the 
postero-lateral margin of the tibia. Tliere is a i)air of dorsal flexors 
inserted antero-dorsnlly on the tibia, and two sets of vcmtrnl flexors 2 & 3 ). ^ 

(e) Tihio-tarsaL — The flexor of the tarsus (^.Zar.) is a single muscle inserted on 

Pboo. Zooii. Soo. — 1930, No. XLlll. 43 
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the posterO'lateral margin of the tarsus. There are also two extensor muscles 
{ex,tan\i^2) which lie in the dorsal part of the leg and are inserted anteriorly on 
the tarsus. 


Text-figure 12. 



Muscles of legs. X 106. 


( / ) TaraaL — The tarsus is reduced to a single segment, which terminates in a 
curved claw. There seems to be only a single flexor (fi.ung,)^ and no extensor 
muscle in the tarsus. 

E. Mmclea of the SpiracUa, 

The spiracles in the two regions of the body differ principally in their 
relative sizes, those of the mesothorax being considei-ably larger than those of the 
abdomen. They me very simply constructed and may be classified under the 
Spiracula uniforia of Steinke (1919). The annular peritreme text-fig. 13) is 
slightly raised above the surface of the body, and supports a delicate transparent 
membrane which extends between the peritreme and the small spiraciilar opening 
(s., text-fig. 13). The latter leads into a short tubular atrium (ap^atr,), the walls 
of which are greatly reinforced by annular thickenings and are provided with 
numerous short stiff hairs or ctenidia. There are also sti*onger hairs projecting 



THE EA.RJ[iY STAQEB OF PARAPHJEDON TUMIDULUS. 


661 


from the peritreme towards the stigma. The last annular thickening at the baae 
of the atrium is modified to form the closing apparatus of the spiracle. The strong 
chitinization of the basal ring is incomplete ventrally, but lateral prolongations 
project from the semicircular dorsal band. The anterior prolongation or lever 
text-fig. 13) is short and rounded, while the posterior (am.,) is very con- 
spicuous. They serve as the attachments of the anterior stern o-pleural muscles 
text-fig. 11, A & B, & text-fig. 13), which, by their contraction, pull the two 


Text-figure 13. 



MuBclee of spiracle. X 226* 


levers apart and open the entrance into the trachesD communicating with the atrium. 
They are therefore the dilator muscles of the spiracle. Between the two levers 
there is a shoi't broad occlusor muscle which, upon contraction, closes 

the entrance into the trachesB by bringing the two levers, and, consequently, the 
walls of the atrium, together. At the base of the occlusor muscle there is a 
fairly conspicuous norve-ganglion (s.nt/,) which probably belongs to the ventral 
sympathetic nervous system. 


Respiratory System^ 

The tracheal system (text-fig. 14), like most of the other systems in the larva, 
is bilaterally symmetrical and segmentally arranged. The spiracles {sp,) are 
disposed laterally in the mesothoracic and first eight abdominal segments. In 
each segment the atiium of the spiracle communicates directly with a rather 
intricate system of branching tracliete, some of which anastomose to form longi- 
tudinal tracheal trunks, while others proceed immediately to the various organs 
in the body-cavity. 

Abdominal Tracheas, 

In each abdominal segment five tracheal branches diverge from the base of the 
atrium. Two of these, the visceral trachea) (yis.i & ^), run parallel to each other 
transversely across the anterior half of the segment. One supplies the dorsal 
wall and the other the ventral wall of the alimentary tract. They are very well 
developed in the first four abdominal segments, in which they serve to maintain 
the vessels of the first series of Malpighian tubes in position on the dorsal and 

43 * 
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ventral walls of the proximal division of the mesenteron. Vontial to these nn 
anterior {anUh,) and a posterior trachea (posLb,) are given off at the base of the 
atrium. These unite respectively with the posterior and anterior branches of 
adjacent segments to form a continuous longitudinal spiracular trunk (sp.tn ) 
which lies in the pleural region, and not only supplies the fat-body, but also sends 
a very delicate trachea (6v,s.) to each eversible segmental process. At the posterior 
end of the body the two spiracular trunks unite dorsally to the rectum, to the walls 
of which they give off fine tracheal branches. 

A delicate dorsal longitudinal trunk {dors.tn.) is formed by the anastomosis of 
dichotomizing branches arising in the middle of each segtnent from the spiracular 
trunk. Tracheae from this dorsal trunk supply the dorsal fat-body and alaiy 
muscles of the heart. The remaining tracheal branch originating at the base of 
the atrium lies below the two visceral tnicheoc in tlie anterior half of the segment. 
It runs towards the mid-ventral line for some distance and then bifurcates. The 
branches so formed unite with those of adjoining segments, constituting a con- 
tinuous, somewhat curved, ventro-latoral tracheal trunk (vUn.). Segmental 
tracheae are given oft* from tliis trunk into the fat-body, and in the anterior part 
of each segment a fairly stout tracliea (sgjn.) proceeds transversely across the 
segment and anastomoses with that of the opposite side below the nerve-cord. 
From this ventral commissure a short trachea (n.tr.) is given off anteriorly on each 
side to the nerve-ganglion. 

Thoracic Trachem. 

The spiracular and ventro-lateral tracheal trunks are continued into the thorax, 
but the dorsal trunk ceases in the anterior half of the fiist abdominal segment. 
Tiacheie arising from the spiracular trunk supply the fat-body and dorsal vessel in 
the meso-and nietathoracic segments. The traclicte to the meso- and metathoiacic 
eversible glands and legs (Zf/.<r,) arise primarily from the tracheal branch, which later 
bifurcates and forms the ventral trunk in these two segments. A certain amount 
of anastomosis occurs, however, at the bases of the glands and legs before the 
respective trachea) are given oft*. The ventral commissures in the meso- and meta- 
thorax are formed as in abdominal segments, but the trachea to the nerve-ganglion 
is directe<l posteriorly, and not anteriorly, as it is in the latter segments. Tlie 
ventral trunk is n6t continued into the prothorax, in which segment the legs 
and the prothoracic and suboBsophageal ganglia are supplied by trachea) from the 
principal trunk proceeding to the head. 

Cephalic Trachea\ 

Two anterior tracheal trunks diverge from the mesotlioiacic spiracle on each 
side, and, proceeding through the prothorax, enter the head. The outer (dorso- 
lateral) of these subdivides into numerous branches wliich supply 

the mandibular muscles. It also gives oft’ a dorsal trachea which unites with 
the corresponding trachea of the opposite side to foi'in a dorsal commissure 
(pd,com,) around the occipital foramen. The inner and stoiitcr trunk (atn,,) 
from the iiiesothoracic spiracle 8U|)plies most of the head-appendages and organs 
of its side. At the an tero- ventral border of the })rothorax a delicate trachea 
QhJr,) is given off, and, passing beneath the tentorium, it runs to the labium 
and maxillsB. On entering the head the main trunk gives rise to a short trachea 
(6jr.) to the brain, and in front of the brain it divides into three important 
tracheae. The outer of these {ata.) passes laterally to the antenna and also sends 
a branch ventrally to the mesial margin of the mandible. The second trachea 

chiefiy supplies the mandible, while the third unites with its fellow of 
the opposite side to form an anterior dorsal commissure {ad.com,), from whicli 
branches may be given off to the labrum. 
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Nervous System. 

Tiie central nervous system (text-6g. 14, & Pi. IV. figs. 25-26) comprises a brain, 
it siibu 3 sophageal ganglion, and a series of eleven segmental ly- arranged ventral 
ganglia, whicli are united to each other by paired longitudinal connectives, 
indicating the originally double nature of the ventral iierve-cord. 

The brain {eb.gn.) consists of a pair of cerebral or supra-oosophageal ganglia, 
situated within tlie head above the oesophagus. The two ganglia are closely 
approximated, and the communicating transverse commissure is inconspicuous. 
The three primary divisions constituting the brain of orthopterous insects are 
not differentiated in the larva of Paraphcedon^ but the slightly enlarged roots of 
the optic, the antennary and the labral nerves, may represent the piotocerebral, 
deutocerebral, and tritocerebral lobes respectively. Each cerebral ganglion 
gives off four antero-lateral nerves. The optic nerve (o.n., PI. IV. figs, 25-26) 
arises dorsally, and, passing forwards and outw^ards, it divides into short ocellar 
nerves which innervate the ocelli. The antennary nerve (apm.) lies immediately 
below the optic nerve and runs parallel with it for most of its course. It 
does not divide before entering the antenna. A somewhat stronger lahro- 
^rental nerve (If.n ) emerges ventro-laterally from the supra-cesophageal ganglion 
arnl, passing round the <lorsal dilator muscles of the pharynx, it meets the 
corresponding nerve of the opposite side in the frontal ganglion (f^gn.) of the 
visceral nervous system. Beneath, and almost contiguous with the labro-fiontal 
nerve, a delicate lah'al nerve jiasses forwards to the labrum. There is a 

very fine connecting nerve between the labral nerve and the postcBsophageal 
commissure. Arising from the an tero- ventral border of the brain there is a 
narrow post-oesophageal commissure {ptxom.) which passes around the cesophagus 
and connects the two tritocerebral lobes. Each cerebral ganglion is connected 
with the submsophageal ganglion by means of a broad para-oesophageal connective 
(paxt.^ PI. IV. fig. 26), from which a delicate ganglionated nerve passes forwards 
parallel to the tesophagus, and appears to innervate the hypopharynx. 

The suboesophageal ganglion (sh.gn.) is situated near the anterior margin of 
the prothorax below the tentorium. It gives off* paired nerves which innervate 
the mouth-parts. The mandibular nerve (md.n.) arises antero-ventrally to the 
para-cesophageal connective on each side and runs parallel to the (esophagus for 
some distance before dividing into branches which supply the mandibular 
muscles. The roots of the two remaining nerves are situated postcro-laterally 
to the para-msophagcal connectives. The maxillary nerve {mx.n.) is directed 
forwards and outwards to supply the maxillary palpus. The labial nerve {Ih.n.) 
passes directly to the labium, belew the maxillary nerve. 

Ventral Nerve-cen'd. — The nerve-cord consists of three thoracic {n.g. 1., II., and 
III., text-fig. 14) and eight abdominal ganglia (n^.i-s). The three thoracic ganglia 
are situated in the middle of their respective segments, but the abdominal 
ganglia are arranged more or less iiitersegmentally, each ganglion lying proximal 
to its corresponding segment. A ceiii^un amount of concentration has taken place 
at the posterior extremity of the body, in that the sixth, seventh, and eighth 
abdominal ganglia have migrated anteriorly. The sixth ganglion lies in the 
posterier half of the fifth abdominal segment, while the seventh and eighth 
ganglia are situated in the sixth abdominal segment. 

Each thoracic ganglion gives oft’ two pairs of nerves. The anterior is slender 
and supplies the ileveloping wing-buds and all the structures in the anterior 
part of the segment. It may also send out a short intersegmental nerve. The 
posterior thoracic nerve is stronger than the anterior and innervates the 
posterior half of the segment. Soon after leaving the nerve-ganglion it gives 
off a short nerve to the leg text-fig. 14). 

Each abdominal ganglion gives off a single segmental nerve, which, however. 
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divides into two branches supplying the anterior and posterior halves of the 
segment. The segmental nerves pass above the oblique sternal muscles, but below 
the longitudinal sternals. A delicate nerve, given off by the anterior segmental 
nerve, innervates the median muscle of the eversible gland. From the eighth 
abdominal ganglion two pairs of nerves pass respectively to the eighth and ninth 
abdominal segments, indicating that the single ganglion constitutes a fusion of two 
nerve-centres. 

Visceral Nervous System, 

The siipra-intestinal or stomatogastric nervous system is well developed, but 
the ventral sympathetic nervous system, while it is probably similar to that of 
other insects, is very difficult to trace. In connection with the ventral tracheal 
commissure and the short trachea to the segmental ganglion certain ganglionated 
nerves were observed, but a median longitudinal nerve could not be distinguished. 
A pair of long delicate splanchnic nerves arises from the last abdominal ganglion 
and supplies the hind intestine. 

The stomatogastric nervous system (PI. IV. fig. 25) is connected with the pair 
of cerebral ganglia by means of the lahro^frontal nerves which meet anteriorly 

above the pharynx in a triangular frontal ganglion (fgn,), A median and a pair 
of lateral Uihral nerves (lr,n.^) are given oft* from the anterior margin of the frontal 
ganglion. Posteriorly the frontal ganglion gives rise to a single recurrent nerve 
(rc.w.), which passes along the dorsal wall of the pharynx, below the cerebral 
ganglia. Along its course the recurrent nerve sends out branches irregulaily 
to the walls of the pharynx. The anterior pair of these nerves is relatively long 
and extends backwards to innervate the intestinal wall near the junction of the 
(esophagus and crop. Immediately behind the brain the recurrent nerve dilates 
slightly into a rather inconspicuous hypocerehral ganglion {kb,gn,\ from which 
a pair of nerves is given off to the small oesophageal ganglion {os.gn,) lying below 
the brain. Each (esophageal ganglion effects a connection with the cerebral 
ganglion of its side by a short anterior nerve. A plexus of nerves {til,) lies antero- 
lateral ly to, and appears to originate from, the oesophageal ganglion. Posteriorly 
the (esophageal ganglion gives rise to a nerve supplying the aorta, and it is also 
associated with a rather larger post-oesophageal ganglion (pp.gn.) lying at the side 
of the oesophagus near the posterior margin of the head. From the median hypo- 
cerebral ganglion a pair of stomachic nerves (sch,) passes back along the walls of the 
crop. They diverge laterally, giving off numerous branches to the walls of the 
intestine. The main lateral nerve continues to the junction of the fore- and 
mid -intestines, where a small stomachic ganglion occurs. Numerous short nerves 
are given off, forming a nerve-plexus in the region of the (esophageal valve. 

Sense Organs, 

At the extremities of the antennae and the maxillary and labial palpi there are 
groups of short broad sen&illae {tc.p,, text-fig. 3, A and F), some of which arise 
directly from the cuticle, while others originate in sockets. They are provided 
with groups of elongate sense-cells, from which they are innervated. Meindoo 
(1918-19), who has investigated their structure in certain lepidopterous and 
coleopterous larvae, is of the opinion that they are tactile and not olfactoiy in 
function. They are of general occurrence in Chrysomelid larvae, but are less well 
developed in the Galerucinae than in the other subfamilies. The number of pegs 
in each group is fairly constant. As a rule six are present on the third antennal 
joint, while there are usually ten on the maxillary palpus, and from eight to twelve 
on the labial palpus. 

An olfactory sense has been ascribed by MeIndoo to certain widely distributed 
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|H)res oucui J-iHg on various parts ef the adult and larval integument. In Para- 
phfdon and many otlier Ohrysomelid larvae olfactory pores are of common occur- 
rence on the mouth parts atid head -capsule. They are also frequently found 
oil the thoracic legs and around the anal proleg. With very few exceptions 
a constnnt number occurs on the troplii of Ohrysomelid Inrvee, but the number and 
distribution of the body sensillte varies in diflerent species. 

Ill Parapluedon each joint of the maxillary palpus has one pore, and there is 
also a pair in front of the three pairs of setie in the proximal part of the hypo- 
})harynx. There are three pores at the base of the median labral incision, and 
a g!*onp of live sensillse occurs on either side of the epipbarynx. The antennai are 
also provided with pores, three occurring on the lirst joint and one on the terminal 
joint. On each side of the protborax there is one pore in the anterior half and 
two in the posterior half of the segment. In the remaining body -segments there 
is only one sense-organ on each posterior dorsal tubercle. 

Each jiore is a minute rounded aperture surrounded by a. dark peritreme, and 
resembling a setiferous socket from which the seta has been removed. Mclndoo 
(1918, 19) has investigated their histological structure, and finds that a large sense- 
cell supplies each pore witli a nerve-fibre which passes to the apex of the sensilla 
and comes into direct contact with the external air. He concludes, from bis 
observations on their histology and from tlie results of certain expeiirnents, that 
these sense-organs are olfactory in function, and he has consequently applied to 
them the tei m olfactory pores. 

Ocelli . — The six ocelli on each side of the head arc arranged into a dorso-lateral 
group of four and a. ventro- lateral group of two. Eacli ocellus (PI. JV. fig. 32) is 
essentially similar in structure to those of other coleopterous larvai (Imms, 1925, 
pp. 71, 75, 77). The cuticle over each ocellus is transparent and constitutes the 
comeu (c,), which is thickened to form a biconvex lens, Beneath the lens there is 
a coi*nea<jen layer of elongate coloui'less cells wliieli form the vitreovs body {vi.), 
A dense layer of jdgmeiit {pni,) lies in the proximal region of the visual cells and 
forms a kind of iris along tlie walls of the vitreous body. ^J’he cells of the retinal 
layer (r./.), underlying the corneagen layer, are associated with the fibres of the 
ocellar nerve (oc.n.). 

Reproductive System, 

In the larval stage of Faraphcedon there is little ext-ei nal sexual differHiitiation, 
as sexual appemhiges are not markedly developed. 'J he male larva may be readily 
recognized, however, by the presence of a minute, dark, transverse slit (^.y>., text- 
fig. 15) on the ventral body- wall, posterior to tlie ninth abdominal segment. In 
the female larva there is no such invagination, hut occasionally in the mature 
larva there appear to be indications of the female genital papilla', which only 
become evident in the pupal stage. The condition of the efierent ducts and 
the rudiments of the gonads are markedly different in the two sexes. 

In the male (PI. lY. fig. 28) the ventral invagination, wliich marks the future 
gonopore, leads into a short wide duct, at the base of which there are several 
chitinons thickenings, probably the rudiments of the s]»ieulum and lobes of the 
iinaginal genital pocket. The duct is continued as a narrow clear tract, the 
future ejaculatory dnet {ej d,\ lying between a pair of vesicular dilations {ect.), into 
which a filiform vas deferens {vd,) opens on each side. The lateral swellings are 
similar in appearance and position to the ectadenia of the larva of Tenehrio 
molitor described by Singh Pruthi (1924 a), and, as in the latter form, they do not 
seem to open into the ejaculatory duct. The vasa deferentia, which appear to he 
solid at this stage, arise about halfw^ay along the lateral margins of the ectadenia. 
They curve outwards and forwards to the fourth and fifth abdominal segments, 
in the dorso-lateral fat-body of which the testes are situated. Each testis {ts,) con- 
sists of two rounded lobes connected to the vas deferens by short vasa efferentia. 
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In the ftmaXe (PI. IV. fig. 27) the larval reproductive organs and efferent 
ducts retain their primitive paired condition througliout. The ovaries lie in the 
dorao-lateral fat-body of tlie fourth and fifth abdominal segments. Each consists 
of eleven small incipient ovarioles (ot?Z.) projecting mesially from a slender solid 
oviduct. Each ovariole is provided with a long anterior filament which unites 
with the filaments of other ovarioles, forming a common anterior genital filament 
(g.fi) on each side. The oviduct (pd,) of each side passes directly to the posterior 
margin of the seventh abdominal segment, where it ends in a slightly dilated 
ampulla, but does not effect an opening to the exterior. In the sixth abdominal 
segment there is a small inward projection from the oviduct, the homology 
of which is not clear. 

In view of the fact that the adult generative organs, and especially the 
efl[erent ducts, exhibit very little resemblance to those of the larva, it is of interest 
to attempt to trace the cl langes which occur during metamorphosis Very little 
research has been done on the post-embryonic development of the reproductive 
system in Ooleoptern, and there is some diversity of opinion in rt*gai*d to the 
homologies of the various structures in the two sexes. Sharp and Muir (1912), 

Text-figure 15. 


stb 


Ventral view of posterior abdominal segments of a male larva. X 4(i. 

Muir (1918), and Singh Pruthi (1924) are almost the only investigators who have 
undertaken a comparative study of the organs. Muir concludes that the male 
genital tube arises ms a single hollow invagination without any indication of 
a paired condition, but Singh Pruthi states that “the genital organ in this 
group (Ooleoptera), as in all other groups of insects, does originate us a pair of 
appendages, and even retains its paired appendage nature till the pupa, is three 
or four days old” (1924, p. 857). The majority of investigators are agreed that 
the female efferent genital system arises from the ectoderm, but that the position 
of the genital aperture or apertures varies in dillerent insectan orders. 

In the pupal stage of Paraphoedon the segments are demarcated in both sexes 
MS they are in the larva. 

In the male pupa and adult the testis lobes (^«., text-fig. 16, B) are more 
numerous than they are in the larva. They lie in the fourth and fifth abdominal 
segments in the young pupa, but migrate posteriorly in later pupal life. The vas 
deferens (vd.), which is short and stniight, passes back to the seventh ubdominal 
segment, where it joins a somewhat dilated vesicula seminalis (veh). The latter 
probably corresponds with the ectadenia of the larval organs. At the junction 
of the vas deferens and vesicula seminalis a coiled mesadenia {med.), which is 
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Text-figUPR 16. 



A. 

A. AdtQt female reproduoiiTe oigana. x 43, 

B. Adult male reprodnotive organa. X 43. 


developed during the pupal instar, is given off. The genital tube {pr.ej,d.) 
passes forwards and inwards from the vesicnla seminalis and unites with that 
of the opposite side to form a common ejaculatory duct (a/di). The ejaculatory 
duct proceeds to about the second abdominal segment, where it redoubles, 
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passing backwards as a considerably dilated and muscular tube lying 

above and slightly to the right of the hind intestine. It narrows abruptly into a 
slender tube {ej.d.^) which lies in the posterior region of the body-cavity and enters 
the genital pocket (gn,p,) between the lateral lobes. A narrow chitinous canal 
(c.c.) runs throughout the genital duct-i from the beginning of the vesieula 
seminalis to the gonoporc. The mesadenia and the short vas deferens have no 
chitinous intima and are mesodermal in origin. In the adult stage the lobes 
of the genital pocket are strongly chitinized and the arms of the Y-shaped 
spiculiim (spm.) lie along the outer walls of the pocket and serve as muscle 
attachments. Harnisch (191 #5) and other investigators hold the view that the 
spiculuin and other parts of the adult genital armature are derived from the 
modi lied eighth and ninth abdominal segments, but Singh Pnithi (19:^4) has 
shown that in Tenebrio molitor tho rudiments of the spiculum are present in 
the larval stage. A somewhat similar condition obtains in ParapJuvdoa^ in v\hich 
the eighth and ninth abdominal segments are retracted within the body at the 
end of pupal life. They are membranous and lie on either side of the genital 
pocket, neither of them appearing to have been incorporated into the genitalia. 
Singh Pruthi is of the opinion that in adult Coleoptera the vasa defereutia do not 
extend beyond the paired testes, and refers to the two tubes which are present as 
the “paired ejaculatory ducts.*’ In Paraphceclon^ however, in addition to t lie 
paired ejaculatory ducts, a short vas deferens is present anterior to the vesieula 
seminalis. In the larval stage the gonopore, the genital pocket, and the ejaculatory 
duct are unpaired. The rudiments of the lobes of the genital armature are very 
small, and it is probable that they originate as paired invaginations as in Tenebrio 
molitor, 

'rhe development of the female reproductive organs presents many points of 
interest. In the larva no evidences of the uterus or spermatheca were observed. 
In tho young female pupa, however, the spermatheca PI. IV. figs. 29 & 

.30) arises ventrally as a single invagination at the posterior end of the ninth 
abdominal segment. Jt extends to about the eighth abdominal segment, on the 
ventral wall of which another invagination, the uterus {ut,y PI. IV. figs. 30 & 31), 
takes place. Singh Pruthi (1924 li) has described the similar occurrence of two 
invaginations in Tenebrio molitor, and has further shown that the two tubes 
subsequently coalesce to form a single genital duct. Jackson (1880) refers to the 
two generative openings in larval Lepidoptera, but according to him the anterior 
is the spcrmathecal and the posterior the uterine opening. During the pupal 
stage of Farapheedon a secondary fusion of the uterus and spermatheca is also 
ofifected. The uterus loses its original external opening on the eighth abdominal 
segment, but communicates with the exterior at the end of the ninth segment by 
means of the original sperniathecal duct. The spermatheca in an old pupa appears 
as a narrow tube, arising dorso-laterally from a wide uterus or vagina, which, in 
consequence of the changes which have taken place, is formed partly from the 
original uterus and partly from the rudiment of the spermatheca. The accessory 
gland {ac.gl., text-fig 16, A) is formed later as a diverticulum of the spermatheca. 
In the pupa it is a narrow slightly coiled appendage, but in the imago it dilates 
considerably. The uterus bifurcates anteriorly into a pair of short wide oviducts 
{pd,, text-fig. 16, A), which communicate directly with the ovaries. The ovarioles 
(or?.) correspond in number with those of the larva, and occupy the greater part of 
the anterior abdominal cavity. In the imago the genital filaments (g^f) are broad, 
and unite anteriorly in the middle of the second abdominal segment. A strong 
median ligament {Urn.) passes back from the fused filaments, and becomes attached 
to the wall of the colon near its junction with the ileum. 

In the adult female, as in the adult male, there are seven visible abdominal 
tergites, the first of which is greatly reduced. In both sexes there are only five 
apparent abdominal sternites, but the first is long and broad and extends as far 
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back as the third abdominal tergite, in which case it seems to represent a fusion of 
three sternites. Seven abdominal segments are therefore distinguishable in the 
adult. In the male the remaining terminal segments do not enter into the 
formation of the genitalia, but in the female they become incorporated into the 
long ovipositor (ovp., text-fig. 17) and lie within the abdominal cavity. The eighth 
segment is almost completely dechitinized and membranous, and its sclerites are 
indistinguishable. The tergite and sternite of the ninth abdominal segment 
persist as sliglitly cliitiin'zed dorsnl and ventral lobes at the posterior extremity of 
tlie ovipositor. The palpiform genital nppeiidnges text-figs. 16, A, & 17), 

Text-figure 17. 


V 



gn ap. 

Ijateral view of posterior abdominal segments of adult female, 
showing everted ovipositor. X 25. 

which are situated below tlie anus, on either side of the genital aperture, arise in 
the pupa as a })air of fleshy lobes, and cannot therefore represent modifications of 
abdominal sclerites, as is believed to be the case in some insects. 

The preceding ontological observations are of interest, not only in that they 
afford furtlier evidence regarding tlie ectodermal origin of the female efleient 
ducts, hut also in that they confirm Singh Pruthi’s (1924) investigations, and 
establish beyond doubt tlie independent origin in the Coleoptera of the sperma- 
theca and uterus, each of which develops as a single invagination, and not from 
paired rudiments as in some insects. 

Summary of Part I. 

No previous account of the biology or morphology of the immature stages of 
Paraphcpdon tuviidulus Germ, has been published. 

The insects are common on Anthrisms sylveuiris and Her odeum epkoudylium, 
hut their distribution is somewhat discontinuous. 

Yellow el on gate- oval eggs are usually laid in debris at the base of the food- 
plant. 

Embryonic development takes two or three weeks, and eclosion is effected by 
means of short, chitinous, paired, thoracic egg-bursters. 

Larval life lasts for 20 to 30 days, during which period there are two eedyses. 

Pupation takes place in the gi’ouud and the pupal instar lasts for 10 to 14 

days. 
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There is only one generation in the year. 

The pupa is exarate and has a definite chaetotaxy. 

The larva is eruciform. 

Detailed accounts of the internal and external hirval anatomy are given. 

The larval chaatotoxy was studied, and a system of enumeration and nomen- 
clature, applicable to many Chrysomelidse, has been formulated. 


Key to the Lettering of Plates, 


ah.lr. Abductor musole of labrum. 
ah.md. Abductor muscle of mandible. 
ah.mx. Abductor muscle of maxilla. 
ac.gl. Accessory gfland in female repro- 
ductive orgfans. 

a. cl. Ante-clypous. 

ad. ami. Anterior tracheal commissure of 
head. 

ad Ir. Adductor muscle of labrum. 
ad.md. Adductor of mandible. 
ad.mx. Adductor of maxilla, 
cil.m. Alary muscles. 

am.i&2. Levers of closing apparatus of 
spiracles. 

amp. Ampulla at base of larval oviduct. 
an.p. Anterior noto-pcdal muscles. 
ant.h. Anterior branch of spiracular 
tracheal trunk. 

nnt.ex. Anterior extensor muscle of femur. 
ap.n. Antennal nerve. 

as, 2il. Abdominal sterno-pleural muscles. 
at. Antenna. 

at. a. Antennal tracheal. 

nt.m. Membrane at base of antenna. 
atn.i8c‘j. Principal cephalic tnicheal trunk. 
at,}). Conical process of antenna. 

atr. Atrium of eversiblo gland. 
a.ta^. Abdominal intersegmontal torgo- 
stcmal muscle. 

a.tejj. Abdominal anterior tergo-stornal 
muscles. 

h.at. Basantenna. 
h.c. Buccal cavity. 

h.d, Bulbular termination of chitinous 
canal of glandular colls. 
h.m. Basement-membrane. 

b. tr. Trachea supplying the brain. 

c. Cornea. 

ch.gn. Cerebral ganglion. 

c e. Chitinous canal of glandular cells. 
cd. Cardo. 
ch. Chorion. 
cl. Clypeus. 

C1.1-.3. Setm on clypeus. 
cln. Colon. 
cL«. Clypeal suture. 


c.m. Circular muscles. 

<5071. Ventral condyle of mandible. 
conj. Conjunctive tissue in proximal 
mosenteroxi. 

c.p. Chitinous abdominal spines inpupas. 
cr. Crop. 

C.8. Coronal suture. 

c. tn, Corpotontorium. 
cu. Cuticle. 

ex. Coxa. 

dep. Depressor musole of head. 
dep.at. Depressor muscle of antenna. 

dg.8. Diagomil sternal muscles. 

d.U yp. Depressor muscle of hypopliarynx. 
dl.g. Dorso-lateral sotro in pupie. 

<7l.m. Dorso-lateral loiigitudincd muscles. 
dl.th. Dorso-lateral tubercles. 
dors.tn. Dorsal tracheal trunk. 
ds.dil. Dorsal dilator muscloH of pharynx. 

d. tb. Dorsal tubercles. 
eel. Ectoderm. 

eg.h, Egg-l)ursters. 
pj.d.l-z. Ejaculatory duct. 

el. Elevator mns(5leH of head. 
em. Epithelium. 
ep. Epipharynx. 
el. Elytron. 
ev.g. Eversiblo glands. 
ev.s. Trachea to eversiblo glands. 
ex. Exiivia. 

ex.at. Extensor muscle of antenna. 
ex.cx. Extensor muscle of coxa. 

Extensor muscles of femur. 
ex.gal. Extensor muscles of galea. 
ex.mjy. Extensor muscles of maxillary 
palpus. 

ext. Extensor muscles. 
ex.tar. Extensor muscles of tarsus. 
ex.tih. Extensor muscle of tibia. 

/, Erons. 

f.■^ Sotaa on frons. 
f.b. Fat-body. 
f.c8. Eronto-clypeal suture. 
fern. Femur. 
f.gn. Frontal ganglion. 
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fi. Flexor musoles. 
fi.at Flexor musoles of antenna. 

Flexor musoles of femur. 
fl,inw. Flexor muscles of maxilla. 
fl,p. Flexor muscle of maxillary palpus. 
Flexor muscle of tarsus. 

Flexor muscle of tibia. 
fi.tmg. Flexor muscle of claw. 

/.s. Frontal suture. 

f. vg. Frontal inyaRination. 
gal, Gktlea. 

g,f. Genital filament. 
gl, Gula. 

gl.ap. Aperture of tyersible gland. 
gl.c. Glandular cell. 
gn. Gena. 

gn.^--gn,^. Sets on gena. 
gn.ap.' Genital appendage. 

g, nc. Guard cell nucleus. 
gn.p. Genital pocket. 

g.p, Gbnopore. 

hh,gn, Hypocerebral ganglion. 
hd. Head. 
ht. Hypostome. 
ht. Dorsal yessel. 
hy,c, Hypodermal cells. 
hyp, Hypopharynx. 
hyp.p. Hypopbaryngeal sensory pores. 
Ki/p.r.]_Hypopliaryngeal rods. 
hyp.8a. Hypopharyngeal setee. 

Urn. Ileum. 
int, Intima. 
lac. Laoinia. 
lb. Labium. 

Ib.n. Labial noryo. 

Ib.p. Labial palpus. 

Ib.lr. Labial trachea. 

Id.m, Dorsal longitudinal muscles. 

l f. n, Labro-frontal nerve. 

lg, n. Nerves to thoracic legs. 
lg,tr. Traohem to thoracic legs. 

Ug, Ligula. 

Urn. Median genital ligament in adult 
female. 

l.m. ^Longitudinal musoles. 
l,pl. Longitudinal pleural muscles. 

Ir. Labmm. 

Ir.p Ir.^. Labral setm. 

Ir.n. Labral nerye. 

Clypeo-labral suture. 

l.«. Longitudinal slits in egg-shell. 

If .m. Longitudinal sternal musoles. 
l.tb. Lateral tubercles. 


m. Musoles of eyersible glands. 
md. Mandible. 

7nd,n, Mandibular nerye. 

^ 2. Mandibular trachem. 
med, Mesadenia. 

mes.,, 1 r Proximal and distal diyisions of 
j [ mesenteron. 
mg. Mid'dorsal setaa in pupie. 
mn, Mentum. 
ma.l. Mesothoracio legs. 
tns.8. Mesostemum. 

Afl.| , Mt,^, First and second series of M alpighian 
tubes. 

mtl. Metathoracio leg. 

Afl.r/. Bamifioation of Malpighian tubes on 
wall of colon. 
mt,8. Motastemum. 
mt.tn, Metatentorium. 

m. tu. Tuft of setae on mesial margin of 

mandible. 

mx,gl. Maxillary gland. 
mx,n. Maxillary nenre. 
mst.p. Maxillary palpus. 

n. Oblique notal muscles in abdominal 

segments. 
n,h. Nucleoli. 
n,c. Nucleus. 

Nerye ganglia in thoracic segments. 
N.g. i-H. Abdominal ganglia of yentral norye- 
cord. 

nl. Nerye plexus. 

n. pl. Noto-pleural muscles. 

n. tr. Trachea to nerye ganglion. 
oh.m. Oblique muscles. 

oh.8. Oblique sternal muscles. 

oc. OoeUi. 

oc. , -oc. (. Ocellar sotas. 
oc,n. Ocellar nerve. 

od. Oviduct. 

088 . (Esophagus. 

oes.v. (Esophageal valve. 

ol.m, Occlusor muscle of spiracle. 

o. n. Optic nerve. 

op.gn. Post-cesophageal ganglion. 

08 .gn. (Esophageal ganglion. 
ovl, Ovariole. 
ovp. Ovipositor. 

paxt. Para-ossophageal connective. 
p,aa. Posterior abdominal tergo-stemal 
muscles. 

p. c. Pericardial cells. 
pxl, Post-clypeus. 

pd,eom. Posterior tracheal commissure in 
head, 
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P,dg. Prothoraoio stemo-pleural muaele. 

A 2 . Pleoro-pedal musoles. 
pe» Peritreme of apiracle. 
p/. Palpifer. 
pjf. Palpigor. 

pg,h, Chitixioiia bar at base of labial 
palpi. 

pJi, Pharynx. 
pi, Prothoraoio leg. 
pl,th. Pleural tuberoles. 

pm. Layer of pigment in retinal oells of 

ooelli. 

pn, Pronotum. 

pn,m. Peritoneal membrane. 
pn,p. Posterior noto-pedal mnsoles. 
poat.h. Posterior branch of spiraoular 
traoheal trunk. 
pr. Anal proleg. 
pr,ej,d. Paired ejaculatory duot. 
p.8. Prostemum. 

p. ip. Post-spiraoular sets in pupsE. 
pteom, Post'oosophageal commissure. 

pt,m. Peritrophic membrane. 

P,t8, Prothoraoio torgo-stemal, inter- 
segmental muscle. 
rc,n, Beourrent nerve. 
rec. Beotum. 

reg.c. Begenorating oells in mesenteron. 
rev. Beservoir. 

r.hyp. Betraotor muscle of hypopharynx. 
r.l. Oells of retinal layer. 
r.lh. Betraotor muscle of labium. 
r.p. Bepugnatorial pores. 

Botator muscles of head. 

8, Spiraoular opening. 
aa. Seta. 

ah.gn. Sub-oesophageal ganglion. 
ach. Stomachic nerves. 
acl. Scolus. 

ag. n. Segmental nerve. 


ag.tn. Segmental trachea. 
al. Superlinguffi. 
am. Stems of Malpighian tubes. 
a.ng. Nerve-ganglion at base of spiracle. 
ap. Spiracle. 

8p.atr. Spiraoular atrium. 

apd. Stemo-pedal muscles, 
sp.tn. Spermatheoal invagination. 

s.pl.i-.3. Stemo-pleural muscles. 
apm, Spioulum. 
ap.r. Spermatheca. 
ap.in. Spiraoular traoheal trunk. 
at. Stipes. 

at.h, Subspiracular tubercle. 
atr,h. Striated border of mesenteron 
epithelium. 
aum, Submentum. 
tar. Tarsus. 
tb. Tubercle. 
tc.p. Tactile prooesses. 
tib. Tibia. 
tm, Torma. 
tr. Trochanter. 
ta. Testis. 
ung. Tarsal claw. 
ut. Uterus. 

V, Vortex. 

Seta) on vertex. 
vd. Vas deferens. 

v.dil. Ventral dilator muscle of pharynx. 
vel. Vesicula seminalis. 
res. Balls of secretion elaborated by 
mesenteron. 

via, IA2* Visceral trachem. 

vl.tn, Ventro-lateral tracheal trunk. 
vl.th. Ventro-lateral tubercle. 
v.m. Vitelline membrane. 

vt. Vitreous body. 
v.th. Ventral tubercle. 
wg. Wing. 
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EXPLANATION OF THE PLATES. 

(All the figures on Plates I. -IV., with the exception of fig. 3, refer to 
Panvphmlou tumid ulus,) 

Plate I. 


Pig. 1. Dorsal view of adult. X 11. 

Fig. 2. Ventral view of adult, ahomtig keeled prostemnm and metaetemal line, X 11. 
Kgr. 3. Phadon cochlearias. Ventral view. X 11. 

Pig. 4. Paraphxdoti tumidulus. Embryo seen through egg-membranes. X 40. 

Fig. 5. Egg, showing longitudinal slits effected by the chitinoiis egg- bursters. X 35. 
mg. 6, Tubercle IV. of meaothorax, eliiinring the egg-bnrster (eg.b.). X .ISO. 

Pi*. 7. Side view of third-stage larva, x 16. 

Pig. 8. Side view of first- stage larva. X 11. 

Fig. 9. Side view of pupa. X 14. 

Pig. 10. Ventral view of pupa^ X 11*5. 


Plate II. 

Pig. 11. Longitudinal section of retracted eversible gland, x 213. 

Fig. 12. Longitudinal section of single glandular cell. X 520. 

Pig. 18. Longitudinal section of wall of (usophagus. X 200. 

Pig. 14. Transverse section of wall of oesophagus. X 480. 

Pig. 15. Transverse section of wall of crop. X 540. 

Pig. 16. Transverse section of wall of proximal region of mesenteron. X 500 
Pig. 17. Longitudinal section of first-stage larva. X 100. 

Plate III. 

Fig. 18. Transverse section of distal region of mesenteron. X 500. 

Pig. 19. Tangential section of wall of alimentary tract at junction of mesenteron and hind 
intestine. X 140. 

Pig. 20. Transverse section of distal portion of ileum. X 500. 

Pig. 21. Transverse section of wall of colon, x 487. 

Pig. 22. Transverse section of wall of distal portion of colon. X 487. 

Pi*. 23. Transverse section of wall of rectum. X 310. 

Pig. 24. Transverse section of integument and heart, showing pericardial cells. X 490. 

Plate IV. 

Pig. 25. Dorsal view of supra-intestinal nervous system, x 100. 

Pig. 26. Side view of brain and cephalic nerves, x 100. 

Pig. 27. Female larva, generative organs of left side, x 100. 

Pig. 28. Male larva, reproductive organs of right side. X 100. 

Pigs. 29-31. Transverse sections of young female pupa, showing the invaginations of spermatheca 
and uterus. X 47. 

Pig. 82. Longitudinal section of a dorsal ocellus of a young third-stage larva, x 500, 
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lU. On ti New Dipterous Parasite (Family Calliplioridre, Subfamily CJalli- 
plioriiifc) of the Indian Elephant, with Notes on other Dipterous 
l^arasites of Elephants. By Major E. E. Austen, D.S.O., F.Z.S. 

LReceivod March 31, 1930 : Road April 15, 1930.J 
(Text-ligures J-3.) 

According to Lioufceiiant-Oolonel Cl. H. Evans, late Superintendent, Civil 
Votorinary Department, Burma, the presence of Dipterous larvai in the subcu- 
taneous tissue of elephants is of very frequent occurrence in that country. In his 
book, ‘Elephants and their Diseases’ (Itangoou : Superintendent, Coverninent 
Printing, Bunna, 1910), p. 214, Colonel Evans Avrites: — “Warbles or swellings 
due to the invasion of the subcutaneous tissues by the larva? of one or more of the 
family CEstri<la0 (gadllies) are very common in elephants in various parts of the 
province from the Chindwin to 'JYmaaseriin. As ji rule they are numerous, but in 
some cases in the Meza forests mentioned liy Mr. Petley, of Messrs. Steel Brothers, 
the infestation was remarkable. Jle described it as follows: — 

“ ‘ The elephants from wliich these “ hots were taken literally swarm with 
swellings in all parts- -head, ears, and body. The scars of recent erujitions are in 
some parts of the body so closely pitted as to impart to the skin a honeycomb 
appearance, showing that thousands of the parasites have burrowed out during the 
last few months. Curiously enough, only the elejihants brought from India, 
last year are aftected, and no doubt tlieir general unhealthy appearance is due 
to the presence of myria*ls of “ bots ” heueath the skin. In the elephants from 
which the specimens were taken the numbers were almost incredible.’ 

“ How the larvie reach the subcutaneous tissues has not yet been rightly 
explained. Many theories liave been advanced, but the more coninion one would 
seem to favour the idea that the egg is deposited directly on the skin, and tlie larva 
in the initial stage of its development gain.s inlet either by Ibe hair follicles 
or sebaceous glands to its resting place. 

Symptoms, — Swellings, so-called boils or warbles, of vaiying size. When the 
larva) are Avell developed towards the end of April and May (most commonly here) 
they produce inflammation and suppuration about them, producing the so-called 
warbles. When the larva) are ripe iliey quit their abodes, usually stern first, after 
widening the openings. 

“ IVeatment, — When the nature of the swellings is recognized, a little pressure 
applied to them will materially assist in setting tlie Jarvjc free. The abscesses 
should be treated in the ordinary manner. Tlie larva of this fly is about ^ incli 
long and consists of some nine segments. The larvje should be destroyed.” 

Although Evans furnishes no description of the imago, which he does not 
appear to have seen, tlie statement as to the length of tlie larva would seem 
to suggest that the species referred to by him is probably identical with the 
one now described for the first time. 

In March 1924 Mr. T. Bainbrigge Fletcher, Imperial Entomologist to the 
Government of India, applied to the Veterinary Department of Burma for speci- 
mens of the larva) mentioned above, togetlier with any information on the subject 
that the Department might be able to supply. As tlie result, several consignments 
of larvse were sent in, accompanied by the statement that the specimens had been 
extracted, apparently during the cold weather, from subcutaneous swellings in 

44 # 
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elephants. The material in question was examined by Mr. S. E. Sen, Assistant 
in the Entomological Section of the Agricultural Research Institute, Pusa, Bihar, 
India, whose drawing of one of the larvas is reproduced below (text>fig. I ). Accord- 
ing to some unpublished notes by Mr. Sen, kindly supplied by Mr. Bainbrigge 
Fletcher, the larvae were of small size (maximum length 5*4 min.), and, so far 
as it was possible to judge from preserved specimens, squat appearance, while 
the greater part of the surface of the body was covered with small, scale-like, flat 
Spines *. Further details noted by Mr. Sen v/ere the incomplete demarcation 
of the terminal from the penultimate segment, and the character of the posterior 
stigmatic plates, which were of the Calliphorine type, since each was provided 
with three straight slits. 

Examples of the perfect insect were obtained in the following year, and, 
on March 27th, 1925, four specimens of the fly described in this paper were 
received at Pusa from the Veterinary Department of Burma, accompanied by 
a note in which the sender (Mr. R. M. S. Thursfield) stated : — “ On December 30th 


Text-figure 1. 



Dipterous larva from Hubcutancous BwcUinp in Indian Elephant (Burma), X 8. 
Drawn (from specimen in preservative fluid) by Mr. S. K. Sen. 


. . . J put six live larvae in a small screwtop jar on the top of some sandy soil, and 
within five minutes they had all burrowed below the surface to go through the 
‘ pupa* stage. On February 12th 1 found these four dead flies in the jar. They 
may have hatched any time after January 19th ; I was not expecting them 
so soon, and did not examine the jar between these dates. The flies from the other 
two larvfiB may still appear, but possibly these grubs were injure<l in extraction 
from the elephant’s skin, and have since died.” 

In June 1925 the four flies mentioned in the preceding paragraph were handed 
over to the writer by Mr. Bainbrigge Fletclier; but, although the specimens 
evidently belonged to a genus and species hitherto undescrihed, their condition, 
owing to mould and denudation, was such as to render them unsuitable for 
description. Subsequently a further series of specimens, coiispecific with the fore- 
going, was received from Mr. Fletcher : these proved to be in a much better state 
of preservation, and the genus and species are accordingly described below, 

^ Op. the preRent writer’s figure and description of the larvse of the Tumbu-fly (Cordylobia 
anthropophaga Griinberg): Jonmal of the Boyal Army Medical Corps, vol. x. fig. 1, pp. 19-21, 
1908. 
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Family CALLipnoiiiDJ5:. 

Subfamily Callipiiorinas veras Villeiieuve. 

Section XAsrirocALLiHioniN.K Villeneuve (MusciOiE testackas 
llobiiicau- Dos void}', sens, strict,). 

Elephantoloemus*, gen. n. 

Allied to Boopomis Aldrich^ ^ hut distinguishable^ inter alia., by having a very 
differently shaped head^ including a niiiclt longer face and deeper joiols {facial angles 
well below, instead of on a level with, lon er margin of eyes), as also a quite differently 
shaped arista, and by latter hearing hairs (visible under a hand-lens ma.gnifyiug 
15 diameters, nominal, when head is viewed in prolile) uj)pGr side alonet^ — 
Eyes Avide apart in both soxes (no obvious difference between cf and J in this 
respect, but i)arafrontala slightly wider above in $ than in cf); front (frons) 
occupying one-third or lather more than one-third of width of head ; jowls deep, 
in biisioccipital region about equal in depth to half length of eye; a conspicuous, 
mainly bare, somewhat depressed area running back below eye from each facial 
angle, narrowing posteriorly, teiininating on reaching posterioi* orbit, and descend- 
ing anteriorly until it reaches liristles bordering anterior portion of buccal cavity. 
Ocellar bristles relatively well developed, divergent ; two pairs of verticals, inner 
pair convergent; frontal bristles small, convergent, nine or ten in eacli row, 
descending about to level of tip of first antennal segment ; 2 with two, rather 
inconspicuous, orbital bristles (one of them sometimes wanting) on each side, 
situated high up approximately on a level with interspaces between first and 
second, and second and third (or third and fourth) frontals. Facial pit long and 
deep, median carina narrow and low, but sharply defined ; vibrissa? small, facial 
ridges bearing short bristles on lower third or rather less than lower half ; facial 
angles blunt, not prominent but markedly convergent, separated by an interval 
equal to about one-third of width of facial pit at its widest. Palpi clavate ; 
proboscis normal. Third segment of antenna large, especially in d ; basal 
segments of arista very small and short, terminal segment stout — in d tapering to 
a point rather abruptly at about four-fifths of its length, in 2 distal third, or 
rather more, tapering to a fine point ; arista feathered above with very short hairs, 
commencing a little beyond base and not quite reaching tip, some seven or eight of 
these hairs in middle or towards end of series longer than remainder ; in cf , hairs 
on arista somewhat shorter than in 2 • 

Thorax with a row of from 5 to 7 hypopleural bristles ; sternopleurals, 1 anterior, 

1 posterior ; mesopleurals, 5 or 6 ; pteropleural, 1 ; acrostichals, 2 or 3 anterior, 

4 or 5 posterior; dorsocentrals, 2 anterior, 4 j)osterior; humerals3; posthumerals, 
either 2 or 3; sublateral, 1 ; presutural, 1 ; notopleurals, 2; intru-alars, 3 ; supra- 
alars, 3 ; post-alars, 2 or 3 ; scutellars, 3 lateral pairs, of whicli the middle pair is 
apical, long, and decussating, and three other pairs in a curved line above them, 
of which the middle pair is discal. * 

Ahdormn without macrochsetac ; ventral scutes exposed, posterior margin of 
fifth visible ventral scute in deeply cleft. 

* Elephantol(BmuB=a plague to elephants an elephant ; Xoifios, a plague or pest), 

t Cf, Aldrich, J. M., “A Now Genus and Spooies of Fly reared from the Hoof of the Carahnn •» 
Philippine Joum. Soi. vol. xxii. pp. 141, 142, 1923. 

X In BooponiLB, at least as represented by the 2 of B. intomus Aldrich, which is at present the 
only described species of the genus, rather loss than the proximal half of the terminal segment of 
the arista is stout, while the remainder of this segment, which, for the greater part of its length is 
much less swollen than the corresponding segment in Elephantolwmvs, is very slender; the arista 
in Booponus is also feathered below as well as above, though the feathering above is much lonffer 
that below. 
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Wings (cf, text-fig. 2) : first posterior cell narrowly open just above extreme tip 
of wing; terminal section of fourth longitudinal vein with a rounded bend, then 
curved inwards before tip ; third longitudinal vein curving towards costa opposite 
bend of fourtli vein, and likewise curved inwards before tip ; distal portion of first 
longitudinal vein, commencing at a point on a level with bent-forward tip of 
auxiliary vein, sometimes (at least in case of genotype) witJi one to three small 
black bristles on upper side, rather wide apart, and not always distinguishable even 
under a compound microscope; third longitudinal vein with a row’ of some 5 to 10 
black bristles on upper side, from its base to a point about one-half to three- 
<|uarters of distance from base of third v(jin to anterior transverse vein. 

Legs ; bristles including a single bristle on anterior side of extensor surface of 
middle tibia, at three-fourths of its length from base. 

Genotype : Elephantolijemus indicus, sp. n. 

Elephantolmmus indicus, sp. n. (Text-figs. 2 <k 3.) 

d ?. — Length, d (five specimens) 4*8 to 5*5 mm., $ (two specimens) 5*8 to 
6*0 mm. ; width of head, d ‘^*0 to 2*2 mm., 5 2*25 to 2*4 mm. ; wddth of front 
at vertex, d 0*8 mm., J 1*0 mm. ; length of wing, d 4*5 to 5*4 mm., 5 5*4 mm. 

A compactly built little jly^ looking {apart from, the fact that the d if^ dichoptic) 
not unlike a miniature Cordylobia*'. Body in d cinnamon-hnff*’^ or ochraceotis- 
huf\ tmth darker markings on dorsum of main portion of thorax {scutum) and on 
distal half of abdomen; body in J , except scutellum and lateral and posterior borders 
of scutum^ mainly black or blackish above ; frontal stripe in both sexes russet or 
chocolate; dorsum of scutum in both sexes dully that of scutellum and abdonwn 
in both sexes moderately shining; vnngs lightly and uniformly tinged with drab ; 
legs iinnamon-bujf. 

Head : cluetotaxy as described for genus, all bristles on head, like those 
on body and legs, black; parufrontjds, pnrafacials, and ocellar triangle dark olive- 
grey or iron-grey, clothefl like jowls with minute black hairs, parafrontals and 
parafacials with a pale neutral grey, pollinose covering; a silvery -white, j)()llinose 
mark below each eye, occupying lower end of each parafacial (when head is viewed 
from in front), and a similar, somewhat oblong, pollinose mark below' each bare, 
depressed area ; facial pit, except lower bordej* of clypeus, dark mouse-grey ; bare, 
depressed area running back from facial angle above jowl on each side vinaceous- 
rufous or ferruginous ; occii)ut, jowls, and margin of buccal cavity cinnanmn-bufl’ 
or cinnamon, occiput on each side above with a dark mouse-grey, somewhat 
ti-iangular mark ; posterior orbits pale smoke-grey pollinose ; palpi ochraceous- 
tawny, clothed with black hairs ; first and second segments of antennm ochraceous- 
tawny, third segment dark greyish olive or dark mummy-brow'n, sometimes paler 
(ochraceous-tawny) on inner side at base ; third segment of antennae longer (3^ to 
4 times as long as wide) in 6 than in $ (3 times as long as wide) ; terminal 
segment of arista either mummy-brown, or ochraceous-tawny with brownish tip. 

Thorax ; chaetottixy as described for genus; dorsum including scutellum clothed 
with minute black haii s, some black hairs on pleurae also ; in both sexes lateral 
borders of scutum broadly, scutellum entirely, and a more or less quadrate median 
area in front of latter, not extending further than roughly halfway between base 
of scutellum and transverse suture, and sometimes considerably less, cinnamon- 
buff ; remainder of dorsum slate-black, with a smoke-grey pollinose covering, 
showing three narrow longitudinal stripes in median area in front of suture ; 

• Cf. Oordylohia anthropophaga Griinb., the African “ Tnmbn” fly, the larva of which is 
a BuboutaneouB parasite in man, monkeys, dogs, and other animals. 

t For names and illustrationB of colours used for descriptive purposes in the present paper, 
see Bidgway, * Color Standards and Color Nomenclature ’ (Washington, D.C. Published by the 
author, 1912), « 




Elephantolosmm indicus Austen, <5 . X 8j. 


Texi-fiffiire 3. 


'TT ^/V ' V 


Mephantoloemus indicvs Austen ; bead in profile (greatly enlarged). 


pleurae in both sexes ochraceous-buff, blotche<l with slate-black or slate colour, 
meso- and sternopleurae, except margins, sometimes entirely slate-black, with 
pollinose covering like that of dark area on dorsum. 
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Abdomen : clothed above and below with minute black hairs, and with longer 
hairs on hind margins of segments ; third and fourth visible tergites in 6 , except 
extreme anterior margins, more or less extonsivelj marked witli brownish-black, 
such dark markings consisting essentially of a blotch occupying each lateral 
extremity of third and fourth tergites (sometimes confined to hind border in case 
of third tergite), and two ad median longitudinal stripes, commencing near fore 
border of third tergite and terminating on hind border of fourth ; in some cases, 
in addition to reappearing on hind border of second tergite, these stripes coalesce, 
while lateral brownish -black blotches on third and fourth tergites are much 
extended, so that fourth tergite, except extreme anterior margin on each side of 
coalesced longitudinal stripes, is entirely brownish-black ; distal half of venter in d , 
except hind margins of deflexed tergites, which are pale, more or less brownish- 
black ; fifth tergite and external genitalia in cf ochraceous-buff’; in $ , first 
(visible) tergite, lateral extremities of second tergite anteriorly, and extreme hind 
margins of lateral extremities of same tergite ocbraceous-bufi' or cinnamon-bufi', 
sixth tergite in J sometimes ochraceous-tawny ; first (visible) ventml scute in J , 
and second and third ventral scutes in same sex, except hind borders of the two 
latter, ochraceous-bufT or cinnamon bufi‘, ventral scutes in $ otherwise black or 
blackish. Wings: veins tawny-olive-coloured, .‘interior transverse vein and 
adjacent portion of fourth longitudinal vein, as also distal portion of second longi- 
tudinal vein, sometimes more or less mummy-brown. Squamae : alar pair hyaline 
or nearly so, with thickened border ci eam-buft' ; thoracal pair cream-buff, opaque. 
Ualteres pinkish-buff. Legs : claws black, ochraceous-tawny at base. 

Burma : Mawkai. 

Type of d , type of ? , and five paratypes (four J 6 , one 9 ), bred, 8, 9. ix. 
1925, from larvas which emerged, 3().viii. 1925, from the skin of a dead elephant 
(Bombay Burma Trading Oorpoiatioii : types and paratypes in British Museum, 
presented by Mr. T. Bainbrigge Fletchei*). 

Writing from the Agricultural Research Institute, Pusa, Bengal, on 6th 
December, 1926, when forwarding these specimens, Mr. Bainbrigge Fletcher 
said; — “These were received, through the Burma Veterinary Department, from 
the Bombay Burma Trading Corporation, Local Agency at Maw^kai, Burma, which 
reported that the ‘ grubs emorgeil from the skin of an elephant called Hpa Moh Loh, 
T. No. E. 449, after death’; and that ‘the grubs that we obtained from the 
animal’s skin, and that we placed in dry earth on the morning of 30th August 
[1925], duly hatched out during the night of 8th/9th September. The flies were 
kept in a muslin-covered jai-, and lived for some 48 hours.’ ” Mr. Fletcher adds : — 
“ It seems fairly evident, therefore, that the larv», as previously reported, do 
burrow in the skin of the elephant.” 

Strangely enough, the study of the Dipterous parasites of the Indian elephant 
has hitherto been much neglected, and knowledge of the species of Diptera parasitic 
in the larval state in Loxodon africanus is — thanks in large measure to the recent 
labours of Messrs. Rodhain and Bequaert — much more extensive than the available 
information witli regard to the cori’esponding parasites of its Indian representative. 
It is highly desirable that systematic efforts should be made, both in India and 
Burma, to obtain living and fully mature “bots” and other Dipterous larvae from 
elephants, and to breed out the perfect insects. Were this done, it is possible that 
more than one new species might still have to be described. Ah regards hot-fly 
parasites of the Indian elephant, the ordinary stomach -bot is Cobholdia ehphantis 
Steel (see below). According to Evans (op. cit, p. 268), bots aie also found in the 
pharynx, oesophagus, frontal cavities, and elsewhere. Witii reference to elephants 
in Burma, Evans (loc. cit.) writes : — “ It is by no means uncommon to find post- 
mortem a patch of bots often up to one hundred in number in the gut.” He also 
says:— “That bots find lodgement in the pharynx of the elephant in Burma is 
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certain. It is not a rare occurrence for an elephant to suddenly commence a sort 
of coughing or sneezing and blow hots out of the trunk.” 

The addition of the species described above brings the number of known 
Dipterous parasites of elephants up to seven, all but two of which, however, occur 
in Africa and affect the Africtui and not the Indian elephant. The complete list 
is as follows : — 


H’amily M n s c i D as. 
Hubfamily CoBBohOJiNJfi. 

Cohboldia ehjihantia Steel. 

(Johholdia lomdontis Brunei*. 

Uodhainomyia chrysidiformis Rodhain & Becpiaei t. 


S ubfauiily 0 utkiiebrinj-: . 
NeociUerehra squamosa Griinberg. 


Family 0 A L j. i imi o r i n 
Subfamily Callipugrina-:. 
Eltphaniolwtuus iudicus Austen. 

Family Taohinidas. 

Subfamily Rutteniinas. 
Ruitmia loxodoiitis Rodhain. 


Subfamily CEstrin.e. 
riiarynyoholus ajricauus Brauer. 

OOBBOLDIA ELEPHANTIS Steel. 

(Estrus elepJiantis Steel (larva), Medical Examiner, p. 886, 1878. 

Cohboldia elephantis Brauer (larva), Wien. out. Z. vi. Jahrg. p. 218, 'J af. iii., 
1887; idem (imago, cf ? ), Denkschr. K. Akad. Wiss. Wien, math.-naturw. Cl. 
Ixiv. Bd. pp. 262-267, 6gs. 1-18, 1897 ; Rodhain & Bequaert (imago, third stage 
larvaj, eggs, pupa), Bull. Biol, de la France et de la Belgique, T. lii. pp. 404-412, 
1919*. 

The larva of C, elephantis, as stated above, is the ordinary stomach -bot of the 
Indian elephant f. The adult, which, according to Brauer, varies greatly in length, 
from 12 to 21 mm., is remarkable for its unusual and striking colouration and 
appearance, having an ochraceous- orange head, deep black body, and pnrplish-blnck 
wings, while thedarge squamae, as well as the alulao and extreme base of the wings 

• The bibliography here given is not intended to be exhaustive. For complete bibliographies 
of this and other species down to the year 1919, see the admirable paper by Bodhaiu & Bequaert 
“Mat^riaux pour une Etude Monographique des Dipt^res Parasites do I’Afrique. Troisieme 
Partie. Dipt^res l3e I’El^phant et du Bhinoodros,’* Bull. Biol, de la France et do la Belghpie, 
T. lii. pp. 379-465, figs. 1-21, Plancbe iii., 1919. 

t Writing to the author from the Agricultural Besearch Institute, Pusa, Bengal, on 6th 
December, 1926, Mr. Bainbrigge Fletcher remarked “ We have now received some larvee of 
Cohboldia elephantis from an elephant which died at Mawlaik, Burma, in March 1925. Hitherto 
we have had no records of Cohboldia exoe];>t from South India.*’ 
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except the costal border, are snow-white’^. The two sexes are well shown in 
Brauer’s coloured figures (1897). 

Cohboldia elephant is is represented in the British Museum (Natural History) 
by a male and female, presented, with their pupa-cases, in 1901 by the late Prof. 
Friedrich lirauer. With eight other specimens of the same species, these flies 
were bred out in Vienna, in dune 1896, from larvap obtained in the latter part of 
May at the Zoological (lardens. Schoiibrunn, from two newly imported Indian 
elephants, which had left Bangalore some two jnonths earlier. Pj-ior to the 
l»reeding-out of these sja'cijnens the .adult of (!. elephantis was unknown, and, in 
his 1897 paper, Brauer refers to the excitement c.nused in the Entomological 
Section of the Vienna Museum by the emergence of the ^ir^st fly, which took place 
sixteen days aff er the finding of the larvao. As is the habit of hots, the latter left 
their hosts in the early morning, or perhaps during the night. When placed on 
earth in a glas.s jar, about ,*] cm. in depth and 12 cm. in diameter, covered with 
damp moss and transferred to a well-ventilated butterfly breeding-cage, the larva? 
soon pupated ; three days lat er the puparia were seen to be shining black, hard, and 
fully mature. 


CoBBOLDiA LoxouoNTis Biaucr. 

(■ohholdia elephantis aj'ricani S(‘u loxodoiUis Brauer (larva), Denkschr. K. Akad, 
VViss. Wien, math, naturw. Cl. Ixiv. Bd. p. 267, 1897. 

(tohhohtia loxodoniis Uodhain A Be(juaeit (larva, (S 5 imago, biology), Bull.Soc. 
Path. exot. viii. p. 769, 1915; (description of c? 9 » third stage larva, and pnpa) 
Bull. Biol, de la France et (le la Belgupie, T. lii. j>j». 412 421, tigs. 4-7, 1919; 
Bequaoi’t (<livStrihution etc.), Bull. Soc. ent. <io France, Annce 1920, pin 68 69, 
1920. 

The larva* of this species are parasitic in tlio stomacli and intestine of the 
African elephant (Loxodou ((fvicanns BInm.). Since C. loAodoniis is as yet repre- 
sented in the National (\dlection only by larvaD, the following brief dotiiils with 
reference to til e pei'fect insect are taken from the lengthy illustrated description 
by Rodhain .and Beipiaei’t (Bull. Biol, de la France et de la Belgique, loc, cit.), 

c? ?. 10-12-5 mm. 

J. Head sliining reddish-brown, with darker markings; antennm and palpi 
bright red. Thorax shining metallic-blue above, dull black on sides ami below. 
Abdomen dull black. Wings smoky -black, paler at tlie tip and on the lurid border. 
Squamce smoky black. Legs shining black. 

cf . Head, thorax^ and legs as in J , but clothed with longer hair. Dorsum and 
sides of abdomen metallic-blue. Wings and squamae smoky-black, former without 
paler band on bind border. 

According to Rodhain and Bequaert (^oc. cit. p. 413), C. is remarkable 

on account of the flattened shape of the adult, more especially as regai*ds the head 
and thorax in both sexes, and the abdomen in the female, and the insect is 
consequently somewhat reminiscent of a Ilippoboscid. 

As regards adult larvsE?, the maximum ilimensions given by the authors men- 
tioned above are — length 20 to 26 mm., breadth 8 mrii. 

It is stated by Beqiiaert {he. cit. p. 69) that (7. loxodontis is known to occur in 
the Upper Ivory Coast, Gold Coast, Lake Chad region, Belgian Congo, and Uganda. 
The larva? in the British Museum are all from Uganda, and were taken from two 

* Such a combination of colours — red or reddish head, black or blue-black body, and black 
or at least strongly infuscated wings— is rare among Diptera, but, with the exception of the 
snow-white squamte, alnloi, and wing-bases, is to be found in certain Ortalidm {cf. the African 
Palpomyiella rufireps Enderl. and Bromojdiila caffra Macq., and the South American Dichromyia 
eanguiniceps Wied.). 
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elephants shot by Mr. J. T. Kennedy: one in the West Madi area, Northern 
Province, in 1928; the other in the West Nile District (Old Lado Enclave), 
9.xi.l929. 

llonjiAiNOMYiA ciTRYSiDiFORMis llodhain and Hequairt. 

Cohholdia chrysidiformis llodhain & Jlequaert (larva and S S imago), Hull. 8oc. 
Path. exot. viii. p. 773, 1915; (description of d first- and third-stage larvae, 
pupa, mating and oviposition, and egg) Bull. Biol, do la France et de la Belgique, 
T. lii. pp. 421-432, figs. 8 -12, and PI. iii. fig. 1, A & B. 

Rodhainoviyia chrysidiformis Bequaert, Bull. Soc. ent. de la France, Annee 
1920, p. 68, 1920. 

Of this species, which is the genotype and sole known representative of the 
genus Rodhainoinyta Bequaert {loc, cit.)^ the larviB, like those of the foregoing, are 
parasitic in the stomach and intestine of Lod'odon africaiiufi Blum. 

The length of the perfect insect is given by llodhain nnd Bequaert as : — d » f 1 to 
12 mm.; J , 12 to 13*5 mm. As its trivial name implies, R, chrysidiformis^ the 
sexes of which are alike in colouration, at fi^rst sight resembles one of the so-called 
“ Oiickoo-wasps ” (family Ohrysididai) in shape, as well as in its shining brassy- 
green or purplish-l)lue body, and coarsely punctured and finely striated or rugose 
integument. The anterior portion of the front (frons), upper part of the sides of 
the face, and the antennm are cinnamon-riifous or ochraceous- tawny. The last two 
(visible) abdominal tergites and the hind borders of the upper poi’tions of the four 
preceding ones are pur 2 )lish-bliie. Wings sliort, nearly hyaline, but with a slight 
yellowish tinge; veins ochraceous-butf; apex of first posterior cell abruptly closed 
some distance from wing-margin. Legs mainly puiplish-black. 

According to Rodhain and Bequaert, third-stage (adult) larvae of R, chrysidiformis 
are always smaller than those of Cohholdia loxodontis Br. ; the largest larvae seen 
by the authois in question were of a dirty white colour, and measured from 14 to 
15 mm. in length, by 6 to 7 mm. in greatest width. 

The eggs of A’.c’Art/stW/ymwfs are stated b\ llodluiin and Bequaert to be deposited, 
like those of Cohholdia^ exclusively on the outer sides of the tusks of the host near 
the lip, in closely-packed regular rows^. 

The present species, wliich is represented in the British Museum by a solitary 
female from Belgian Congo (Welle district: presented by Dr. E. Rouband), is said 
by Rodhain and Bequaert to be only known to occur in Ilelgian Congo (Welle and 
Middle Congo regions); the authors referred to add that, at the Werre-Ango and 
Api (Welle) breeding-stations, the elephants were always infested by this species 
and Cohholdia loxodontis at the same time. 

Neocuterebra squamosa Griinberg. 

Neocuterehra squamosa Griinberg (third-stage larva), Bitzgs.-ber. Ges. Naturf. 
Preunde zu Berlin, Jahrg. 1906, pp. 46-49, figs. 6-9, 1906; Rodhain & Bequaert 
(third-stage larva). Bull. Biol, de la France et de la Belgique, T. lii. pp. 381-387, 
fig. 1, 1919 ; Rodhain (second-stage larva, pupa, and imago), Ann. de Parasitologic, 
T. V, pp. 194-198, figs. 1, 2, and PI. i, fig. 5, 1927. 

Neooutereh'a squamosa^ which is known to occur in Belgian Congo as well as in 
Cameroon, according to llodhain and Bequaert {loc, cit, p. 384) is probably distri- 
buted throughout the fore.sted region of Central Africa. The larvae of this species 
have the extraordinary habit of mining in the deep, cartilage-like layer of the 
plantar surface of elephants’ feet. Rodhain {loo, cit, pp. 196-198, fig. 2), who 

* Cf, observationB by the late Br. P. L. Sclater, P.R.S., on eggr-inuBBes “ somewhat resembling 
those of the common Blowfly ” on the outer side of the tusks of a female Indian elephant : Froc. 
Zool. Soo. Load. 1871, p. 145, 1871. 
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received a male and female of JV, squamosa* from Api, Northern Belgian Congo, 
together with the puparia from which the specimens emerged, has given a short 
description of tla* adult, and the following particulars are taken from this author’s 
acjcouiit : — 

Length of 5 (larger than the cf ) 22 mm. A large, thick-set fly, dark inetallic- 
hlne in colour, with beautiful greenish reflections, especially on the dorsal surface 
of thcMibdomeii ; cf and 5 alike in colouration, //cac^ relatively small, f ion t promi- 
nent. Eyes .separate<l in both sexes, but closer together in c? than in $ . Antenncs 
reddish-yellow. Thorax as broad as long. Abdomen globular, curved downwards. 
Wings infuscated and long, projecting beyond the tip of the body ; first posterior 
cell narrowly open. Squaimv well developed and strongly inf uscated. Legs black, 
stout, and of moderate length. 

'J'lui puparia from which llodbain*s specimens hatched ou<» were respectively 
20 mm. long by 11 mm. in greatest breadth, and 16 mm. by 8 mm. ; in shape they 
were elongate oval, with their posterior halves slightly swollen ; the posterior 
stigmata were buried in a deep vertical cleft. 

U'he thir<l-stage larva of X, squamosa is described by (Irunberg as from 17 to 
11)*5 mm. long by 11 to LJ in ni. broad ; oval and biconvex in shape, uniformly 
covered with circidai* or toothed, chitinous scales, and with the posterior stigmatic 
plates lying at the bottom of a depression, and each bearing three separate, long, 
elliptical clefts. 

Ijike the following s|)ecies, Xeocuiereln*a squamosa Griinb., is at present unrepre- 
sented in the National Collection, either by larvae or adults. 

Ruti’Enia loxodontis Rodhain. 

Unttenia loxodontis Rodhain (third -stage larva?), Hull. Hoc. Path. Exot. 
T. xvii. pp. 87-1)2, fig. 1, 1024; idem (imago, puj)a, and egg), Ann.de PWasi- 
tologic, T. v. pp. 108-201, figs. 3-5, ami PI. i. figs. 3, 4, 1927. 

The larva of this species, which is a cutaneous parasite of the African elephant, 
has hitherto only been observed in the elephant-breeding and training establish- 
ment at, Api, on the R. Werre, in Northern Belgian Congo, where the larvse from 
which i?. loxodontis was described were obtained, and adults were subsequently 
rejwed. Lai vse were met with in the InMes of four elephants, two adults and two 
young animals, and, according to Rodhain (Bull. Hoc. Path. Exot. L cit, p. 86, 
1024), the regions affected were the flanks, shoulders, thighs, and rump ; the larv» 
have not been noticed in the feet. From the observations of the discoverer 
(M. Veimeescb), it appears that the presence of these larvBE? in the skin produces 
only a slight reaction, 'llieir occurrence at Api would seem to be seasonal, and to 
last from the end of September until the beginning of February, which is said to 
correspond to the dry season in the Welle region. Three adult larv» first obtained, 
on being placed on loose earth, immediately burrowed beneath the surface, and the 
perfect insects made their appearance in about twenty days ; unfortunately these 
specimens subsequently escaped. 

The following notes on the different stages are taken from Rodhain’s account : — 

Imago, d S Of medium size, 7-8 mm. in length; black with reddish reflec- 
tions, the two sexes alike in colouration. Read small, as broad as the thorax ; 
eyes separate in both sexes ; front not prominent ; antennae yellowish-red, third 
segment brownish, oval, bearing a naked, spatulate arista; palpi globulai-, pro- 
boscis vestigial. Thorax and abdomen longer than broad, covered with reddish 
hair, which has a whitish sheen on the last two abdominal segments ; abdomen 
narrowed posteriorly, and slightly curved downwards. Wings infuscated and 
elongate, projecting beyond the body ; first posterior cell closed a considerable 

* Th« larvn from which these were bred were found in litter forming eletphants’ bedding. 
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distance before reaching the tip of the wing, an(i provided with a sliort appendix, 
which does not extend to the wing-niargiii. Leys straw-yellow ; tarsi tipped with 
black. 

Third-stage — Length 7 to 10 xrnn., breadth 7 rum.; ovoid, squat, and 
biconvex, increasing in breadth from the first to the eiglitli segment; the integu- 
ment bearing chitinous scales, whicli anteriorly are sparser and often spiniforni ; 
in addition, scales of brown chitin are embe<lded witliin the integument ; postenor 
stigmatic plates small, oval, and pale brown in colour, etich bearing three straight 
or very slightly curved, transverse, elongate elliptical openings. 

Pupa. — Length (of largest specimens) 9 mm., greatest bremll h G mm. ; pyriform, 
very slightly flattened from above downwards, and with the broad posterior 
extremity regularly rounded. 

Average duration of pupal stage 24 to 25 days. 

PflARYNGOBOLUS AFRiCANUs Prauer. 

Pharyngoholus africanus Brauer (thii*<l-stage larva and })upariiim), V'erh. z.-b. 
Ges. Wien, xvi. Bd. p. 883, Tab. xix. figs. 1, 1 a-c, 18CG; Jiodhain ck Bequaert 
(third- and second-stage larva and puparium), Bull. Biol, de la Franco et do 
la Belgique, T. Hi. pp. 388-395, fig. 2, A & B, 1919; Rodliain (imago), Ann. de 
Parasitologie, T. v. pp. 201-203, fig. G, and PJ. i. figs. 1, 2, 1927. 

Pharyngoholus africanus., the first of the Dipterous parasites of the African 
elephant to receive a name, and the only member of its genus yet discovei ed, was 
described from one of two third -stage larvie found on August 13th, 18GG, in the 
Vienna Zoological Gardens, in an elephant which died soon after b(*ing imported 
from Africa. The larvae are attached by their powerful mouth-hooks to the 
mucous membrane of their host’s ossophagus, and it is considered by llodhain and 
Bequaert (loc. cit. p. 388) that the distribution of the fly is probably co-oxteusive 
with that of Loxodon africanus, although hitherto the occurrence of the larvae has 
seldom been recorded. The authors in question state that they found larvw 
of this species in all the elephants that they had the opportunity of examining 
in the H. Welle region, Belgian Congo. I’hey also obtained specimens from fresh 
elephant droppings. 

hnago . — liodhain (loc. cit.) describes the adult as a thick-set insect, 15 min. in 
length by 6 mm. in breadth, with a large, swollen lif‘a(I, broad .and deep thorax, 
and short straight abdomen. According to the autlior mentioned, the two sexes 
exhibit little difference in colour ; the ground-colour is black, tinged with greyish, 
and there are bluish-grey patches on the dorsum of the abdomen. Hm<l as wide 
as deep ; eyes bare, brick-red in colour, separated in both sexes, but mucli closer 
together above, as also much larger in the d than in the f, in which they are 
very wide apart and the front occupies moie than half the widtJi of the head ; 
anienntB black, sunk in a deep wide pit, arista bare; prohoscis vestigial; jxdpi 
absent. Wings hyaline, very slightly infuscated towai'ds the base, longer than 
broad, and with their tips projecting only a very little way beyond the end of the 
abdomen ; distal portion of fourth longitudinal vein angukate and with a short 
appendix ; first posterior cell very narrowly open at the apex, and meeting the 
costa well before the tip of the wing. Squamiv. croamy-^^ hite, \ery large. Legs 
black, stout. 

Third-sicLge larva. — Dimensions of four specimens in the British Mu.seuni 
(Natural History): — Length 21-28-5 mm., maximum width 9-10 mm. Colour 
straw-yellow or brownish-yellow. 'Phird to tenth segments each Mirronnded with 
conspicuous circlets of recurved, chitinous, hrownish, hlack-tippcd hooks; on the 
anterior half of each of these segments the circlets are multiple, consisting for the 
most part of two or three rows of hooks, the rows in the case of mature larvfc 
being especially distinct on the ventral surface ; on the posterior half of each of 



688 


ox ▲ XBW DIPTEROUS PARASITE OF THE INDIAN ELEPHANT. 


the segments mentionod there is a single ring of hooks, broadly interrupted in the 
middle of the dorsal surface in tlie case of the tenth segment ; on the eleventh 
segment, on the dorsal surface the anterior rows of hooks may be reduced to 
a single row, also sometimes interrupted, while the postmedian row is wanting ; 
on the ventral surface of the eleventh segment the rows of booklets ai-e as on 
the preceding segments. Posterior stigmatic plates situated in a deep pit, com- 
municating with the exterior by means of a narrow, transverse cleft. 

Pupal stage . — According to Rodhain and Requaert {loc. eiU p. 394), the adult 
larvae let their hold of the wall of their host^s cesopbagus, and are carried along 
through the stomach and intestine until expelled per anum ; they may be found in 
the morning in fresli elephant droppings, but, since they bury themselves in the 
soil before pupating, no pupae are to be met with in old deposits. The authors in 
(jiiestioii state that pupie t)l)tained by them from larva) voided naturally measured 
about 15 mm. in length 8 nim. in breadth at their widest point. Seen from 
above, they were nearly regnlarly oval in sha])e, witli the anterior margin bluntly 
rounded and the posterior extremity slightly broader. In profile the dorsal 
sui'face of the pupa is strongly convex, the ventral slightly so or almo.st flat. The 
colour of the pnparium is black and the surface is slightly polished. The duration 
of the pupal stage is given by Rodhain and Requaert as from twenty to twenty- 
one days. 

Pliarpngoholus africaviis is represented in the National Collection by four 
third-stage larva) from [Tgaiida (Runyoro, Mosindi), 23. viii. 1929, found, witl» 
numbers of similar specimens, by Mr. 11. V. 0. Sutheidand in the pharynx of 
an elephant, chiefly at the junction of the thick part of the trunk with the head 
(presented by Captain 0. R. 8. Pitman, D.S.O., M.C., Game Warden, Uganda 
Protectorate). 
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32. Indian Mant.ids or Praying Injects. 

By F. VVekneu, C.M.Z.S. (Vienna, Aiisiria). 

[Receiretl March 10, 1930 : Road April 15, 1930.1 

(Plate I.*) 

By the courtesy of the authorities of tlio Porest Research Institute, Dehra 
Dun, India, 1 had tlie o[)j)ortunity to exauiine a small, hut very interesting 
collection of Mantids from Dehra Dan and some otlier Indian localities. It 
contains eight species, among wliicli three proved to he new to science, as well as 
some others which an* I'are in collections. They are listed as follows ; — 

EoM ANTIS GUTTATIPENNIS (Stul). 

J from Dauhati, Assam, M. Bose, 29. v. 1927. 

Mediastinal and anterior ra,dial vien distinctly st'paraied and transverse vein- 
lets in tlie space. 


Caliridin.e. 

Leptomantis iNDicA Giglio-Tos. 
cf from Gauhati, Assam, M. Bose, 29. v. 1927. 

No lateral black line of pronotum, fis occasionally in other species of the genus. 
The difterence from L, lactea (Sauss) is rather trilling, and the species may have to 
be united to the Malayan one. 


MANTINiE. 


Mantis nouilis Brunner, 1892. 

This rare species seems not to have been found previously but in Burma. 
Three fine cf 6 from Dehra Dun (23 ix. 1920; 3. viii. 1923, M. Bose ; 23.yii. 1927) 
agree perfectly with Brunner’s description. 

Mantis inornata, sp. n. (PI. I. fig. 1.) 

1 J from Dehra Dun. 

Very closely related to J/. religiosa L., but distinguished at once by lacking 
the l»lack elliidical spot at the inner side of antei ioi* coxse. Costal area brown to 
the costal vein, which is yellowish; a similar brown hand along the mediastinal 
vein; most of the transverse veinlets likewise brown. 

Total length 75 mm. ; jjronotnm 25, elytrsB 52 mm. We know hitherto no 
other species of J/antw devoid of any marking at anterior femora or coxa; ; tliis 
character alone warrants sufficiently the distinctness of the new forjii. 

Vatinas. 

^Etualocuroa ASHMOLiANA (VV^estwood 1841). 

2 J $, one from Dehra Dun, 29. x. 1924, the other from Etawah UP 

87. viii. 1928. ‘ 


* For explanation of the Plato, see p. 090, 
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Hymenopodin^. 

llBSriASULA BRUNNERTANA SaUSS, 1871. 

This handsome Mantid is represented in the collection by three specimens, nil 
males, from 

Delna Dun, Students coll., 20. vlii. 1923 and x. 1928. Nilambur, Madras, 
8. N. (Jhatterjee, 4. ix. 1925. All are quite typical. 

HksTIASULA NiailOFEMORATA, sp. 11 . (PI. I. tigS. 2 &, .3.) 

d (type) and J (para type) from Debra Dun, Students coll., ix. 24. 

d . Anterior femora, tibite and tarsi dark brown, coxae yellowish brown ; inner 
side of anterior femora black, perfectly smooth, with a small, whitish round spot in 
the basal third, near the lower border. Body dark brown, three anterior segments 
of abdomen blackish, shining smooth, anterior wings greyish brown, hyaline, feebly 
infumate, transverse veinlets brown; posterior wings perfectly hyaline, only 
anterior (costal) maigiti and tip dark brown. Vertex without any tubercle ; 
organs of flight reaching beyond tip of abdomen. Borders of proiiotum entire. 

2 . Stouter, anterior wings dark brown, opaque, anterior margin beyond 
mediastinal vein yellowish brown. Vertex with triangular protuberance ; organs 
of flight reaching beyond abdomen ; otherwise like the male. Borders of pro- 
notum denticulated. 

Dimensions : — 

Total length, d* 19*5; $ 22*5 mm. Anterior wings, cf 17, 2 20*5 mm.; 
pronotum, d 2*5, 2 ; anterior femora, 5 mm. long, 2*5 broad in d , 7*5 long, 

and 3'5 broad in 2 • 

Ephestiasula intermedia, sp. n. (PI. I. fig. 4.) 

d (type). Debra Dun, Students coll., 15. vii, 1927. 

Paratypes ( d) from the same locality, 2.viii. 1925, x. 1928, and (F. Z. Coll.), 
25.x. 1910. 

Perfectly intermediate betueeii K, ammim (Bol.) and E, pictipes {W. Mason), 
liaving the dark median pronotal stripe of the former and the coloration of the inner 
side of anterior femora quite as the latter, but without any tubercle of the vertex. 
Anterior wings, costal area greenish, opaque, with irregular veins; pronotum 
yellowish, dark median longitudinal stripe black; anterior limbs orange on the 
inner side, femora with black superior margin and with elongate black spot, con- 
taining two white ones, on the inferior margin ; anterior tarsi black ; intermediate 
and hind limbs yellowish brown. Posterior triangular processes of head short, 
blunt 

Total length 17 mm., pronotum 2*5 (2 mm. bioad), anterior wings 17, anterior 
femora 5 (2 5 broad). 

As ibis species lacks entirely a tubercle of the verlex, it cannot be regarded as 
connecting the other species ; it is nearer to pictipes tlian to amonia. 

The , genus Ephesiiasula Giglio-Tos, if it can be altogether maintained — 
I personally do not a<lmit the necessiiy of separating it from Uesiiasula ^ — is 
restricted to the mainland of India. The locality of A’, amcena is, by the way, 
apparently misspelt by Giglio-Tos as “ Eodaikanal,” as it is really. “ Kodaikanal.” 


EXPLANATION OP THE PLATE. 

Figf. 1* Mantis inornaia^ ap. n. 

2 A 3. Hestiasula nigrofemorata^ sp. n, 
4> Ephestiatuta intermedia^ sp. q. 
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33. The Menstrual Oycle of the Primates. — Part I. General Nature and 
Homology. By S. Zuckbiiman, M.A., M.It.C.S., fj.R.C.P., Anatomist 
to the Society, and Demonstrator of Anatomy, University College, 
London. 

[Beoeired February 4, 1930 : Bead May 6, 1930.] 

(Plates I. & II. ; Charts 1-14 ; Diagrams 1-4.) 
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I. Introduction. 

Enough is known of fclie (estrous cycle of mammals witli restricted breeding 
seasons to enable one to make certain safe generalisations. Seasonal sexual 
behaviour is related to seasonal physiological activity of the reproductive tract. 
During anoestrus the generative organs are relatively inactive and shrunken in 
size. During a breeding season they undergo a definite cycle of changes, and 
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these cyclical physiological changes are reflected in the cycle of behaviour patterns 
exhibited by the animal. The maturation of ovarian follicles is associated with 
the secretion of the follicular hormone, “ oestrin,” and coincides with a growth- 
phase in the mucous membrane of the uterus and the vagina. This phase is the 
procestrus, the period when the animal is coming into heat. Ovulation is in 
most animals spontaneous and, with the consequent cessation of activity of the 
follicular hormone, the hypertrophied mucous membrane of the uterus and vagina 
degenerates. This is the period of oestrus, which, almost without exception (bub 
see footnote, p. 730), is the only time when the female lower mammal will mate. 
After ovulation, corpora liitea develop in the ruptured follicles, and the hormonic 
activity of these organs is responsible for a further growth-phase in the uterine 
mucous membrane. This luteal phase is eoncerned with the maternal functions 
and responses of the animal. Its fullest expression occurs when pregnancy has 
resulted from mating during the preceding a^Atrus. If pregnancy has not occurred, 
the phase is known as pseudo- pregnancy, and this varies in different animals, both 
in duration and in its eflfects upon behaviour. Pseudo-pregnancy terminates 
with destruction of the hypertrophied endometrium, and after this there occurs 
a short period of regeneration. In monmstrous mammals this regeneration is 
succeeded by the anoBstrus, and in polymstrous mammals, after a resting phase 
varying in duration in difterent animals, by another prooestrus which ushers in 
the" next mstrons cycle, anoestrus finally terminating a succession of mstrous 
cycles. 

These facts have been established by numerous researches on many varieties 
of lower mammals, and it is very probable that the general principles revealed by 
these experimental studies are applicable to all mammals, including the primates. 
Unfortunately, however, less is known of the breeding habits of monkeys and 
apes than of almost any other group of mammals, and such facts as are known 
do not obviously fall into any general plan, 

Systematists recognize some three hundred species of Old World primates, 
included in about twenty genera, and about one hundred and fifty species of New 
World monkeys in twelve different genera. Almost nothing is known of the 
reproductive physiology of the New World group. Naturalists’ accounts of their 
breeding habits are both rare and meagre, while the only experimental study 
wliich 1ms been published is that of Lucas, Hume, and Smith (1927) on the effects 
of ultia-violet light upon tlie fecundity of captive marmosets, UapaU jacchus. 
More attention has been paid to the Old World group of primates. A few 
superficial accounts of the more obvious facts of their reproductive mechanisms 
exist, while more extensive researches have been made on three species, the 
rhesus macaque, Macaca inulatta^ the common mticacjue or crab-eating macaque, 
Macma irua, and the entellus langur, Pithema entellua. These latter studies 
(Heape 1894 etc., Van Hevwerden 1906, Corner 1923 etc., Allen 1926 etc., 
Hartman 1927 etc.) have mainly aimed at correlating the uterine with the ovarian 
cycle. 

Clearly such limited knowledge does not justify any broad generalisation. 
Nevertheiess it is usually stated, as though it were an established fact, that 
primates differ from lower mammals in that they do not experience either 
aiKBstrus or mstrus. Marshall, for instance, writes (1927) that “it is clear that 
there is ordinarily no aiunstrum in tlie Primates,” and Miller (1928) states that 
“ all monkeys differ conspicuously from other mammals in the absence of periodic 
‘heat.’” Marshall’s generalisation, however, is by no means proved, while 
Miller’s statement is certainly incorrect. Baboons, for instance, manifest a well- 
marked follicular phase, and a distinct period of “ heat.” 

The possible occurrence of anmstrus and oestrus in the reproductive life of the 
primate is obviously a consideration of the greatest importance in any attempt to 
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homologise the menstrual cycle of primates with the oestrous cycle of lower 
mammals. 

The human female does not manifest any obvious signs of a follicular phase 
in her menstrual cycle. Moreover, available data al)out the human cycle have 
been gleaned mainly from the operating and post-mortem tables. But though 
such data are necessarily limited, certain facts are well established. It is known 
(Shaw 1925) that the catamenia is followed by a short period of regeneration, 
then by a resting period, and finally by a growth-phase in the endometrium, 
commencing about the middle of the cycle and terminating at the succeeding 
catamenia. It is essential to know the time of ovulation in the menstrual cycle 
in order to interpret the phases of the human endometrium in terms of the 
phases of the cestrous cycle of the lower mammal. From the evidence of laparo- 
tomies, it is believed that in woman ovulation occurs about the middle of the 
cycle. This generalisation, however, is not fully established and rests upon 
comparatively few observations. In the lower mammal ovulation, which occurs 
at the end of the follicular- phase of the oestrous cycle, may be readily recognized 
apart from direct laparotomy. Ovulation coincides with oestrus, which is indi- 
cated by oestrous behaviour*. Moreover, in many mammals the ovarian cycle may 
be followed by means of the coincident vaginal changes. In women, however, 
there is no readily I'ecogrnzttble period of oestrus, and it is still uncertain whether 
women undergo a vaginal cycle. The vaginal smear technique has thus far 
yielded different results in the hands of different workers. 

On the other hand, in many monkeys the determination of the time of ovula- 
tion is comparatively straightforwai‘d. The vaginal smear technique applied by 
several workers to Maccuca mulatta (= Macctcus rhtsns) shows that this animal 
exper-iences cyclical vaginal changes, which in turn have been correlated with the 
ovarian cycle. It is pi*()])able that other primate species also undergo a vaginal 
cycle. Also, as will be shown later, in many sub-human primates the matura- 
tion and rupture of the ovarian follicle bears a definite relationship to cyclical 
coloration and swelling of the skin around the female external genital organs. 
These external changes afford a valuable indirect means of inferring the ovarian 
phases. 

The object of this paper is to explain the homology between the costrons and 
menstrual cycles. This will be done, not by focussing attention upon any one 
particular primate species, but by bringing together facts about the cycles of as 
many primate species as liave been observed. In addition to a review of the 
liter.atnre, riew data will be presented, obtained from observation of living animals 
in the collection of tin- Zoological Society of London and from post-mortem 
examinations. This ]>e].er will serve as an introduction to a series of further 
studies on the menstrual cycle, already begun by Dr. A. S. Parkes, of IJniversity 
College, London, and myself. 

The names of primate species in this paper are those appearing in the revised 
Vertebrate List of the Zoological Society of London (1929), prepared by Major 
S. 8. Flower. 

II. The Breeding Season. 

The evidence adduced in support of the view that primates do not experience 
an anoostrus is derived mainly from two sources ; from the observed bebavioni* 
of monkeys and apes in captivity and from the reports of field -workers. It is 
doubtful, however, whether one may infer the reproductive habits of monkeys 
in a state of nature from observation of the same monkeys in captivity. The 
distinction between “ wild animals in a state of nature, wild animals in captivity, 
and domestic animals,*’ pointed out by Heape in 1900, is an important one. 

Artificial conditions have the effect of increasing reproductive activity by 
prolonging the breeding season or by increasing the number of such seasons. 

46 * 
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Parkes and Brambell (1928) investigated the underlying causes for the anoastrous 
cessation of reproductive activity in llodents, and arrived at the conclusion that 
it could be attributed to a diminished food supply under conditions of tempera- 
ture which, for the maintenance of normal function, would require an increase 
in food.” 

It would seem, therefore, that the use of data derived from captive animals in 
t' e solution of the problem of the occurrence of ancestrus amongst primates is 
highly questionable. Wliile it is true that most primates breed at any time 
of the year in captivity, if they breed at all, it is possible that captivity has 
already deranged their normal reproductive functions. 

Heape (1894) was informed that Macaca mulatiaij==tMaccLcm rhesus) bred freely 
in the Calcutta Zoological Gardens all the year round, and according to Corner 
(1923 h) the same occurs in the National Zoological Gardens in Washington. 

In Hartmanns experimental colony of rhesus macaques, kept in the United 
States, “ the optimum time for conception,” as judged by nineteen pregnancies, 
is from October to January. The summer months, May to August, Ilai-tmau 
considers to be the non-breeding season. Twelve laparotomies performed on 
different females in June and July showed inactive ovaries. Hartman infers, 
therefore, that ovulation does not occur during these months, “although men- 
struation often, though not always, goes on with perfect regularity” (1929/). 

Births amongst primates have not been common in the London Zoological 
Gardens, seventy-five only being recorded in the past hundred years. Macaea 
mvZatta and Macaca ir'Oft were responsible for about lialf of this number, and 
both these and the others were scattered sporadically through the year. About 
fifteen births have occurred in a colony of llamadryas baboons, Paph hamadrpas^ 
introduced in 1925. With one exception these have occurreil in the last four 
months of the year. This is certainly suggestive of a bleeding season. 

It is difficult to know Jiow one is to arrive at the truth about primates 
and ancestrus from the accounts of travellers. Many of them describe breeding 
seasons, but their criteria vary. Some talk of rutting seasons, others of pairing 
seasons, while some again state that young are born only at one time of the year. 
Moreover, opinions about the same species sometimes conflict with each other. 
It is, of course, possible that the same species produces young at different times of 
the year in different loc.alitics; but it is hardly likely that, as has been reported, 
one species in some places gives birth in a particular season, while in other places 
it does so throughout the year. 

Marshall (1927) states that “ordinarily” no anmstrum occurs in Primates, 
and in bis ‘Physiology of Reproduction’ (1922) be writes that “ whereas monkeys 
may have a continuous series of dicestrous cycles usually at regular montlily 
intervals, they are not necessarily capable of breeding at every beat ptuiod.” 
He draws liis evidence for these statements from Heape (1894, 1896), Ileade 
(1864), Burton (1876), Hingston (1920), and Van Ilerwerdeii (1906). 

I sbali e.\amine these statements below as well as certain others collected from 
the literature. 

Winwood Reade (1864), who obtained all liis information from native hunters, 
states tliat the male gorilla experiences a rutting season. According to Yerkes 
(1929) this was also Famelai t’s opinion. Burton (1876), whose information also 
came from natives, states that the gorilla breeds about December,' while Dyce 
Sharpe (1927) writes from personal ol)servation that gorilla young are seen most 
commonly about Pebrnary and March, the season after the early rains. Yerkes 
(1929) quotes a report of Wilbert’s, of the African Station of the Pasteur Insti- 
tute, that the Chimpanzee “mates during the rainy season, August to Octobei*, 
atid gives birth to young more especially from June to September. Sexual inter- 
course may occur throughout the year, and births are not strictly limited to any 
one season.” 
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Westermarck (1921) quotes Moliiiike in support of tbs view that the orang- 
utan experiences a sexual season, and states that Wallace told him (Westermarck) 
that he “ found the young sucking orang>utan in May ; that was about tlie second 
or third month of the dry season, in which fruits began to l)e plentiful.” Huxley 
(1863) writes, on the authority of MUller and Schlegel (1839-4f5), that the old 
male orang, “ except in the pairing time,” lives alone. On the other hand, Hitz- 
heimer and Keck (quoted by Briifault 1927) hold an entirely different view alM>ut 
the apes (and monkeys), maintaining that they breed throughout the year. 

According to Tickell (1864), whose knowledge of the fauna of the Malay 
Peninsula was very extensive, the young of gibbons “are born generally in the 
early part of the cold weather. . . . The young one sticks to its mother’s body 
for about seven mouths.” Tickell docs not indicate' whether or not this state- 
ment is based on personal observation. 

It is worth wliile quoting Heape’s statements (1900, 1894) regarding Pithecu8 
entellus^ the Entellus langur, in full. In 1900 he wrote, referring to his 1894 
work, “ Semnojnthema enielhm^ from the jungles on the south bank of the Hugli, 
has a definite time for reproduction.” In 1894, however, he was far less definite. 
He had obtained one hundred and eight specimens of IHthems entellm from 
collectors. Of these “ a considerable number had already borne young, and were 
suckling them ; six were found to have very lately borne young, and one to be 
undeigoing the process of aborting an advanced embryo ; the rest were not 
breeding, and about fifty of those, adult females, were killed. . . . 

“ I was informed by the dealer— a Eumsian — who supplied me with these 
animals, that JS. enidlus breeds twice a year, in April and October, and that, wlien 
breeding, they retire into the thickest parts of the jungle, and cannot then ho 
caught. This information was doubtless obtained from native collectors, and all 
evidence supplied by natives was found to be s© untrustworthy that little reliance 
can he placed iqion this report 

“ Bearing in mind the fact that the animals examined wore either not breeding, 
or else had recently borne young, it would seem fair to assume thei’e are one or 
more limited breeding seasons for A', entellus^ but my information warrants no 
further assumption.” 

There is a great difierence between this statement and that of 1900, whicli is 
the one more frequently quoted. 

Blanford (1888) remarks that the Himalayan langur has a breeding season, 
but <1oes not state whether or not this opinion is based on his own ohsei vation. 

Little is known of the genus Cercopithecus, The only information 1 can find 
is a statement by Fitzsimons (1919) that the Vervet monkey of South Africa, 
Cercopithecus ji}f(jerythru8^ brec<ls in December and January. 

There are several statements regarding the genus Macaca, of which that of 
Heape’s (1894 and 1896) is by far the most important. Not less than four-fifths 
of several hundreds of ^fac(lca uudxUta ( = J/ac«cws rhesus) sent him alive in 
February and Mai*ch “ boi*e a«lvanced embryos in utero^ or had lately borne young, 
or had recently aborted the embryo.” lieape came to the very reasonable con- 
clusion that this was “ strong evidence in favour of the assumption that M, rhesus 
ha.s one or more definite breeding seasons.” Because of a statement of Mr. 84ny^l 
that this species bred at any time of the year in the Calcutta Gardens, Heape was 
led to believe that the species bred “ at cHflerent times in different parts of the 
continent.” 

According to Kingston (1920) the Himalayan rhesus mates only once in a 
year, in September, the young being born in March. Iliis opinion is apparently 
based on personal observation. 

Opinions differ about Maca&i irus {xs^Macacus cynomolgos)^ the common 
macaque. Bidley (1895) writes, from personal observation in the Malay States, 
that this species breeds even in confinement at only one period of the year. This, 
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too, is the opinion of Yaii Herwenden (1906), who writes that this species (in- 
correctly named Oercocehis) breeds in the Island of Banka, as a rule, only in 
August, September, and October. On the other hand, Blanford (1888), whose 
experience of the mammalian fauna of India and the Malay States was second to 
none, writes that in this species there is no particular season for breeding.*’ 

The Gibraltar ape, Metcaca aylvana^ lias been closely observed, living as it does 
in a state of semi-domestication. According to Sclater (1900) and V, H. (1880), 
the young of this species are born in spring and early summer. 

Little is known of the genus Papio. Stevenson-llamilton (1912) writes, fiom 
personal observation, that the young of Papio porcarius^ the Chacma baboon, are 
born between November and February. (I myself once shot in January a female 
of this species carrying a newly-born infant.) Loveridge (1923), however, writes 
that the yellow baboon of East Africa, Papw cynocephalua^ breeds throughout the 
year. As basis for his opinion, he states that he has seen females with young in 
May, July, August, and October, though he gives no details about the size of the 
young. 

1 know of only a few records of the breeding of South American monkeys. 
Rengger (1830) states that Alouatta caraya breeds usually in June or July, 
sometimes towards the end of May, and sometimes in August ; Cebm azarcB in 
December; and Aoies trivirgatua between June and September. The same 
author, according to Forbes (1894), states that the young of the Weeper capuchin 
{Cebua apella) are born in January. 

Hofschlager (1925), after stating that man and monkeys differ from other 
mammals in having no particular breeding season, remarks that this does not apply 
to all primates, for, according to Rudolf Hermann, who has corroborated the 
statements of Spix and Martins, monkeys in the neighbourhood of the River 
Amazon breed in the last months of the year. 

From the work of Lucas, Hume, and Smith (1927), it is known that in 
captivity the common mnrmoset, llapcde jmehua^ produces young twice a year. 
Miss Hume tells me that thei*e is a tendency for births to group towards spring 
and autumn even when a comparatively long interval elapses between the preg- 
nancies of any particular female. 

The greater number of these reports of naturalists indicate breeding seasons. 
Apart from the accounts of Macaca mnlatta and Macaca ayVoana^ however, one 
would require confirmatory evidence before accepting them. Moreover, as with 
our present knowledge it is impossible to state with certainty whether non- 
pregnant mature females do or do not menstruate throughout the year, it is 
impossible to judge whether or not ancestrus is experienced by any primate. 

HI. Prominent Features of the Cycle. 

References are occasionally encountered in the literature to cyclical variations 
in the conformation and coloration of the perineal region of infra-human primates. 
In Cuvier’s ‘ Animal Kingdom ’ (1834, p. 52), for instance, attention is drawn to 
such changes in the genus Macaca. During the rutting season the labia pudendi, 
(be., of the females are excessively distended. . . . Hence the observation of 
Aelian that monkeys are to be seen in India which have a prolapsus uteri ” 
The same genus was singled out for note by Darwin (1871) in his argument on 
sexual selection. The female rhesus macaque has a large surface of naked skin 
round the tail, of a brilliant carmine red, which, ns I was assured by the keepers 
in the Zoological Gardens, periodically becomes even yet more vivid, and her face 
also is pale red.” In 1876 Darwin, in a contribution to ‘Nature,* laid further 
emphasis on this phenomenon in Macaca viulatta {^Mcusacua rkeaua) as a factor in 

^ Many of the early pioturee of anthropoide (see Yerkee, 1929) yhow the animals with a caudal 
swelling. 
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sexual selection, comparing it with the bright coloration of the male mandrill. 
Breschet (1845) quoted some notes given him by his colleague, M. Isidore 
Geoffroy Saint-Hilaire, on the subject of the menstrual cycle of monkeys. “Les 
fernelles des Gibenona^ des Macaques^ des MagoUy des Oynoc^haleB, et probable- 
ment (mais ceci par analogie seulement) de tons les autres genres de la premidre 
tribu {Old World primates) sont sujettes k un dcouleuieni periodique reparaissant 
avec assez de r6gularit4 de mois en mois. . . . L’ecoulenient coincide, chez toutes 
les fernelles, avec un gonflement plus on moins manifeste de la vulve et des parties 
environnantes. Le gonflement est medicore chez les fernelles de Gmnons, tr^s- 
considerable cliez les fernelles de plusieurs esp6ces de Macaques et de toutes les 
especes de Cyno^ephaUs, Chez tons ces derniers le gonflement s’etend, rioti-seule- 
inent jus(|u’li raniis mais bien an del^., et il est tellement marque, que cet oriflee 
se trouve alors comme environne d’un large bourrelet. La peau devient en memo 
temps tres-coloree en rouge.” In 1906 Pocock gave a list of those primate 
species which in his experience of the Jjondon Zoological Bardens exhibited 
external cyclical changes, and in 1925 again referred briefly to the external 
cyclical changes. So far as I know, these two papers of his are the only ones 
which attempt to consider these remarkable phenomena in Primates generally. 

In this section 1 propose to discuss the facts of the cycle which are revealed 
by observation only. ParticuLar attention will be paid to the occurrence of 
exteimal cyclical changes. 

It is convenient to employ a term to refer to that part of the body surface 
of monkeys which shows characteristic changes during the menstrual cycle. 
Langley and Sherrington (1891) called the skin which becomes flushed in Macaca 
mulatta the sexual skin.” This tei'in has been adopted by all who have investi- 
gated the menstrual cycle of this animal experimentally. It is both short and, 
in a sense, self-explanatory. It is therefore perhaps permissible to extend it to 
refer to other primate species which show external changes, even though such 
changes differ fi’om those manifested by Macaca mulatta. In this paper it will 
be employed to indicate those parts, adjacent to the external genital organs, 
which sliow characteristic external cyclical changes during the menstrual cycle. 

Old World Monkeys. 

Family PoNGiDiE. 

Gorilla, — Adult female gorillas have been kept in captivity, but no record of 
the gorilla menstrual cycle is available. Grabowsky (1904 and 1906) (quoted by 
Yerkes, 1929) reports periodic sexual excitement in an immature specimen. A 
female observed by Yerkes (1928) died when about seven years old. She had 
shown no signs of reproductive activity, and no periodicity was noted in her 
sexual behaviour. 

Chimpanzee, — In 1844 Savage and Wyman reported on the external characters 
of four chimpanzees, two of which were females. The descriptions of both these 
females are of interest. The first, whose canines had not completely erupted, was 
in the early stages of pregnancy. “ The \ulva and anus were surrounded by thick, 
flabby folds of skin of a light dingy yellow, which were very protuberant.” The 
second, considered to be a very aged specimen, had with her when she was shot 
two young chimpanzees, and it was possible to squeeze milk from her breasts. In 
this beast, too, the vulva and anus were surrounded by thick and very protuberant 
folds of yellowish skin, forming an elastic cushion.” 

Ehlers (1881) quotes a letter he received from Bolau, who had kept an adult 
female chimpanzee. This animal manifested reproductive activity during the 
two years preceding her death, undergoing approximately four-weekly menstrual 
cycles. The bleeding was followed by swelling around the external genitalia and 
anus. At first the swelling disappeared between each menstrual process, but 
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gl'adually the amount of swelling became greater at each cycle, and finally never 
completely disappeared in tiie intervals between the menstrual discharges. The 
time relation of the swelling to the catemeuia was not noted. Bolau was of 
opinion that the extraoidinary amount of swelling shown by this aiiimai was 
possibly due in part to what he called her “ unbefriedigte Geschlechtstrieb.” 
Elders disagreed with this opinion on the strength of Savage and Wyman’s 
descriptions. 

According to Keith (1899), “for six to eight days before the discharge 
appears” the female chimpanzee is “in heat, the genital labia are turgid and 
swollen, the nipples are fuller and more erect. When the discharge appears, the 
state of turgesceuce in the pudendal organs passes away.” This information was 
supplied to Keith by a keeper in the London Zoological Gardens. 

Montand (1915) refers indirectly to the hypertrophy of the “sexual skin” 
during the cycle when discussing the pregnancy of a certain female chimpanzee. 
Pregnancy was suspected “ from the fact that the genital turgescence was 
moderated at the same time that the amount of bloody issue was diminished, — 
wlien it was known that, at these periods, the development of the external 
genitalia usually reaches an enormous size” (Bingham’s translation, 1928). 

Sokolowsky (1923) gives an illustration of the swelling of an adult chimpanzee, 
and states that it occurs before the menstrual flow. 

Kohler (1927) provides the clearest description of the chimpanzee cycle. He 
writes that “the female of the species definitely menstruates, at intervals of 
thirty to thirty-one days, and always for a period of between three and six weeks 
{sic !) *. During the flow her sexual instinct is absolutely quiescent, but her temper 
is often particularly amiable. After the cessation of the flow, there is an access 
of sexual desire, accompanied by an enormous swelling around tbo genitalia. At 
tins time the animals are irritable and uncertain in temper, and suflfer a good 
deal from the very sensitive sx^ollen area until it subsides.” It is unfortunate 
that Kohler did not note when the subsidence occurs in relation to the succeeding 
catamenia. His reference to the swelling as being painful is interesting, as the 
similar swelling in other genera appears to be no more seusiti\e than any other 
skin area. 

Reference to the chimpanzee cycle, unfortunately without details, is found in a 
paper by Fox (1929). Vaginal bleeding was observed in a female chimpanzee 
eleven days after parturition. “ Tliirteen days after delivery, there was definite 
swelling of the whole perineal legion, as if the period were returning. . . . Swelling 
remaiiied at the height for foiii- days, hut there was no true menstrual flow except 
the one day mentioiietl above, although the externa] appearance was that of normal 
menstruation. The swelling subsided at the usual rate.” Fox would seem to be 
under the impression that, in hi> cliinipanzee, bleeding accompanies activity of the 
sexual skin. If this is true it is somewhat reniarkal)Ie, for the two phenomena 
have always been described as occurring at different times of the cycle, not only in 
chimpanzees, but in all primate species which show cyclical activity of the S(^xual 
skin. 

Oraiuf-utan, — The only leference of any value to the reproductive mechanisms 
of the Orang that 1 know is contained in the paper by Fox, just quoted. As it 
concerns pregnancy it has been included in Section VIII. p. 733. 

Family Htlob atii>.a. 

Gibbon. — Little information about the Gibbon is available. According to 
Pocock (1906), the Hainan Gibbon {UylobaUs fuihutnus) becomes sexually mature 
at seven years. A female of this species was observed for about nine months, and 
Pocock states that “ in Gibbous the interval between the menstrual dischargU is 

* Obviously, “weeks** skould be “days.” 
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a little over the calendar month, and that the discharge continues for two to three 
days.” “ The pudendal organs are always conspicuous by reason of their turges* 
cence, and no very conspicuous change in their condition precedes the menstrual 
discharge.” 

One adult female specimen of this family, a Siamang, Symphangylm 8yn- 
dactyluSf has been closely observed for many months, but neither menstruation 
nor any variation in the conformation of her perineal region (which is not 
prominent) has been noticed. The same remarks apply to an adult female 
Hyhhates lav. 

It might be noted in passing that there is probably less sexual dimorphism in 
Hylobatidae than in any other primate family. Field workers, and even 
systematic zoologists, frequently experience difficulty in distinguishing the two 
sexes. The lack of cyclical variation in perineal form probably adds greatly to 
this difficulty. 


Family CEROoriTUKciDA!:. 

Genus Pithecus. 

Very liiitle appears to be known about the reproductive activity of this genus, 
and Ileape’s monograjdi, “ The Menstruation of l!iemvopithe(ms enteUus'^ 
remains .almost the only source of information. “The external phenomena 
attending menstruation in S, enidluB is marked by the discharge which flows from 
the vagina during about four days each month. Unlike 3/. rhesus^ there is no 
vivid colouring of the buttocks, stomach, thighs, or tail, and the only other 
external sign of menstruation is a slight swelling of the vulva, and, sometimes, of 
the nipples of the luammae.” I do not know of any other reference to the cycle 
in Langurs, or Nasalis monkeys, or their African cousins, members of the genus 
Colohus, 

For a period of three months I have had under observation an adult female of 
the genus Pithecus, The pudendum of this animal is turgid and prominent, but 
I have? been unable to observe any variation in its size. Moreover, Mr. Goodfellow, 
in whose care the animal has been for some inontbs, tells me that he has never 
noticed any cyclical changes. 

Genera Oercopitueous and Erythrocebus. 

Genus Cercopithecus includes the African tree-monkeys, and contiiius a larger 
number of distinct species than any other primate genus. Genus Krythrocehus is 
closely related, and contains a few species of a more terrestrial group of monkeys. 

In almost all the species of these two genera thus far observed the only 
external sign of the cycle would appear to be the catamenia itself, no cyclical 
variation in the conformation or coloration of the perinsBiim occurring. Pocock 
remarked on this in 1906, and again in 1925 he writes that no “trace” of these 
changes is ever observable in Cercopithecus or Erythrocehus. 

I have bad under observation in the Zoological Society’s Gardens about thirty 
adult females of species belonging to these genera. With the exception of one, 
Cercopithecus talapoin (discussed below), I too have been unable to recognize any 
external cyclical changes. In most females belonging to these genera the perinseum 
is obscured by hair, and the external genitalia are accordingly inconspicuous, so 
that, unless the examination is closely cari'ied out, the menstrual process itself 
passes unnoticed. One female not on exhibition, belonging to the species Cerco- 
pithecus cethiopSf has been closely observed daily, but no appreciable variation in 
the prominence of the external genitalia or the surrounding skin has been noticed. 
She undergoes regular cycles averaging 31 days, bleeding lasting abeut two days. 

In his 1925 paper Pocock notes that the external generative organs of the 
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female Cercopithecm are “usually small and inconspicuous, but in an adult 
example of 0. talapoin there was a tolerably long pendulous clitoris projecting 
below the edge of the callosities like a short penis, and recalling the condition seen 
in some South American monkeys, e. g. Cehua, G. talapoin is the smallest of all 
the species of Cercopithema^ and it retains, in the skull at all events, certain 
characters found in immature specimens of the larger species. In this connection 
the length of the clitoris, probably a primitive character, is interesting." 

Cercopithecus talapoin^ however, difters far more strikingly than this from the 
other members of its genus. It exhibits external cyclicwil changes. 

An adult female of this rare species has been under close observation for the 
greater part of a year. Although she is a caged animal and therefore not 
handled, her perineal area is easily seen, because it differs from that of other 
species of Gercopithems in being relatively hairless and more truncated, as in Papio, 
At no time has she been seen to menstruate. It is possible, however, that 
bleeding is so slight that it may have been missed. When quiescent, the pudendal 
organs are inconspicuous, the clitoi is pointing backwards. When the sexual skin 
it active, the clitoris and the skin surrounding it swell out into a subpubic lobe 
about an inch in diameter. The skin of the labia majora and the skin adjacent, 
as far laterally as the callosities, and posterioily including the skin as far back as 
the base of the tail, swell into a series of folds. The colour of the sexual skin 
is the same in the inactive as in the active stage. Tlie change from the quiescent 
to the hypertrophied state and the return to the resting stage are slow. 

During the period of observation, five irregular cycles of activity of the sexual 
skin have been noted. 

Genus Obrgocxbus. 

In the mangabeys cyclical coloration and hypertrophy of tfie sexual skin are 
very marked. Pocock (1906) noted the phenomenon in the species 
torquatu8{^ lunulaius)^ and collaria (= cethiopicmy In 1925 he described the 
swelling in Cercocehua as of “ moderate size, and constant in form in all the species 
observed. It consists of an upper and a lower rounded expansion united by a 
narrower area, and extends from the root of the tail above to the clitoris below. 
Its upper and lower edges are evenly convex alwve and below the callosities, and 
its lateral margins are deeply and widely concave where they abut against the 
inner extremities of the callosities, which fit into the hollows, thus causing the 
constriction in the swelling. The upper lobe is developed round the anus, the 
median portion round the vulva, and the lower portion round the clitoris, this 
portion apparently resulting from an expansion of the preputial glandular sheath 
of the clitoris. The groove between the vulva and the clitoris is entirely oblite- 
rated, and the clitoris itself appears as a small bilobed excrescence above the orifice 
of a glandular pit in the centre of this part of the swelling.” In neither of these 
two papers does Pocock note the time I'eiations of the perineal swelling to the 
catamenia. 

I am indebted to Miss Hume, of the Lister Institute, for the following 
information about a Sooty Mangabey (Cercocehua fuliginoaua) which was under 
treatment for rickets. 

This mangabey arrived at the institute on the 26th of February, 1926, in the 
process of shedding its milk teeth, and weighing at that time 2920 gms. 
Towards the end of April hypertrophy of the sexual skin was noted for the first 
time. Maximum growth was slowly reached, and persisted until the first week in 
June, when absorption of the swelling took place. Menstruation followed about 
a week later, lasting a week, and its termination was immediately succeeded by 
perineal hypertrophy. The beginning of absorption of the swelling occurred 20 
days after the onset of the preceding catamenia, and was followed by the menstrual 
bleeding after 6 days, bleeding on this occasion persisting for 8 days. As before, 
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the end of the catamenia coincided with the beginning of perineal hypertrophy. 
Five cycles in all were observed before the animars death, of average duration 
thirty days, varying from 26-33 days. Bleeding was always prolonged, the perineal 
swelling beginning at its termination and diminishing about the middle of the 
cycle. At its death the animal weighed 3795 gms. 

There is only one sexually mature female mangabey at present living in the 
Society’s Gardens, a female of unknown age lielonging to the species Albigena, 
that was presented in October 1926. Her sexual maturity, however, dates only 
from March of 1929, and up to the present her menstrual cycles have been 
irregular. Slight swelling of the labia majora was the first sign of reproductive 
activity ; this subsided towards the end of March, the external generative organs 
resuming their inconspicuous resting level above that of the lower surface of the 
callosities. The sexual skin, the extent of which is indicated in Pocock's description 
of the swelling (given above), became active again in the first week of April, and 
in fourteen days from the commencement of swelling the appearance of the 
perinaeum corresf)onded in all details to the description which, according to Pocock, 
applies to all species of Cercoeebus. The approximate dimensions of the swelling 
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at this time were : 4 inches in length (from base of tail to anterior limit of clitoric 
swelling), 2.] inches in width (at widest part), and 2 inches in depth. Tiiese 
dimensions have not been surpassed in any of the cycles which Imve followed. 
A thill discharge (iion-sanguiiieous) flowed during the time the swelling persisted. 
After remaining at its height for five days the swelling rapidly dwindled, and 
witliin three days the labia majora just projected beyond the level of the lower 
surface of the callosities. They resumed their quiescent position a fortnight later. 

No bleeding intervened between the slight swelling in March and the swelling 
in April. Bleeding began four days after tlie subsidence of the A})ril swelling, 
and lasted ten days. As in almost all monkeys, external bleeding in this 
mangabey is neither profuse nor continuous ; the intra vaginal opening of the 
uretlira provides a means whereby the vaginal contents are periodically washed out. 

'I'he later cycles of this animal have been correspondingly irregular, and 
bleeding has frequently been of long duration. Whereas the May swelling 
started fourteen days after the cessation of the bleeding wliich followed the 
April swelling, the July swelling commenced only two days after the cessation of 
the June bleeding. No external bleeding occurred between the October and 
December swellings, and between the December and January swellings. The 
cause or causes underlying these irregularities are not known. Probably the 
youth of the animal is in some way a factor. The complete record of this animal’s 
cycles is given in Chart 1 . 

Genus Macaca. 

Macaca mulatta (= Maoaous rhesus). 

More has been written about the repi’oductive mpchanisins of this animal than 
about those of the rest of the primates put together. 
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Heape (1896) writes that the menstrual flow of this monkey is associated with 
a congestion of the skin of the abdomen, legs, and tail, a swelling and congestion 
of the nipples and vulva, and flushing of the face/* The time relations of the 
sexual skin activity to the flow are not recorded. 

Pocock in both 1906 and 1926, when drawing attention to the external cyclical 
phenomena associated with the menstrual process in primates, confined himself 
almost entirely to the swelling of the sexual skin. In both his papers he states 
that swelling does not occur in M, mulatta» In 1906 he writes that he ** never 
detected it in Mncacjues {MaccLcm) of the Common (faaeicularis *» eynoniolgos), 
Hoimet {8mictis)y Rhesus (rhesus), and Japanese (fitseatus) species ” — an opinion he 
reaffirmed more strongly in 1926. 

It will be found that descriptions of the external changes in M, mvlatta are 
somewhat conflicting, and that they are all characterized by lack of detail regarding 
the time relations of sexual skin activity to menstruation. This is doubtless due 
to the absence of marked swelling. Without any objective colorimetric standard 
it is almost impossible to be sure that the colour of the sexual skin is more intense 
one day than another. 

Oollings (1926) provides a detailed description of the sexual skin in M, mulatta, 
which I quote here in full. 

The sexual skin “ is not limited to the immediate vicinity of the anal and 
vaginal orifices, but extends a. few centimetres out on the underside of the tail and 
forward a bit on the lower abdominal wall. It also spreads well out over the 
buttocks and well dowui on the backs and insides of the thighs. The areas are 
quite symmetrical in arrangement. The border-line is quite sharp and clear-cnt, 
and does not change in its location from the earliest blush to the very height of 
color. The color is red, but often has a peculiar bluish tinge similar to that of 
a cyaiiiosis. The hair of the area is rather sparse in distribution, but, when the 
phenomenon is at its height, stands out erect and bristling. This stiite of hair 
erection develops and wanes very gradually, usually lasting some three to five days, 
'rhe configuration of the * sexual skin ’ varies tlirough the cycle. During the stage 
of least coloration and in spayed animals it resembles the surrounding integument, 
except that it is more roughened, like ‘ goose flesh,’ With medium coloi-atioii the 
‘ sexual skill ’ appears smooth and tense, but upon closer examination it is found 
not to be tense in the true sense. Later, when the color is at its peak, the skin 
liecomes pouchy and furrowed with a surface sometimes closely resembling the 
‘ orange-peel ’ skin found over certain tumors of the human breast. Jt is during 
this latter stage that the local hair erection, described above, occurs. During all 
stages the ‘ sexual skin ’ is of medium texture and has a greater elasticity than the 
rest ot the integument. No suggestion of mdematons pitting was noted at any 
stage of the process, with one exception. This was in the case of a spayetl monkey 
that had become very red and pouched under the influence of sex-hormone 
injections. The slight pitting in this case was not general, but localised to an area 
in the midline just anterior to the vaginal orifice.” 

In my experience the actual amount of body surface that shows cyclical 
coloration varies from female to female in the species, and in the same animal 
from cycle to cycle. Swelling and pouching of the sexual skin is not obvious in 
all animals. Some females develop at the height of coloration pronounced rugous 
swellings on the antero-lateral aspects of the thighs. Such swellings appear 
gmdually in the earlier part of the cycle and disappear with greater rapidity about 
the middle. In others the dorsum of the base of tlie tail is aflected. In one 
I observed swelling of the vulval lips and anus. 

Corner (1923 &) found that the menstrual cycle of Macaca mulatta varied 
“about a modal length of 27 days,” the menstrual flow lasting from 4 to 6 days. 
In his experimental colony it happened that all the intervals of excessive length 
(over 50 days), with two exceptions, occurred between J une and January. Accord- 
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ingly, there appeared to be a tendency to greater regularity of the menses in the 
late winter and spring.” Corner made an especial effort to note any relationship 
between the menstrual cycle and cyclical coloration. His conclusion is that colo- 
ration “fluctuated, ns to presence and extent, in a very capricious manner . . . . 
Once established, it sometimes persisted throughout sev’eral cycles, and at other 
times disappeared almost entirely after the menstrual flow. Once or twice, one 
day’s time was sufficient to accomplish complete fading of the pigmentation and to 
reduce the inguinal pouches from the size of walnuts down to a few flabby folds of 
bluish skin.” 

Oollings (1926), however, found that the coloration of the sexual skin of 
M. mulatta “ readies its apex during the third week after the onset of menstruation 
and fades gradually as the time of the next menses approached.” Allen (1927) 
also noticed that the cyclical coloration was most marked between the tenth and 
twentieth days oF the cycle, which in his monkeys averaged 39 days. The waning 
of the sexual colour was taken as a sign of approaching menstruation. 

Hartman (1927, et seq.) has added considerably to our knowledge of the 
reproductive history of this species of monkey. Puberty, which he considers to 
occur at four years of age, is indicated by menstruation, sexual coloration, and the 
appearance of “bag-like swellings” in the pubic region. “The swellings ©f 
puberty are usually confined to the region corresponding to the scrotum of the 
male, and may well be homologised with it.” “ The menstrual cycles of the 
younger monkeys are usually much moie irregular and unreliable than those of 
older females, both in the length of the interval and the duration of the flow.” 
Hartman also records prolonged periods of summer amenorrhea in several of his 
animals (see his later records, p. 694: above). After referring to the swelling and 
coloration that occurs in the adolescent female, he writes that older females “ sonm- 
times do show a swelling and edema, occasionally almost pathological in extent, over 
the buttocks, the hips, and the base of the tail — parts that redden, especially in the 
interval of the menstrual cycle. These swellings are rare, however, and quite a 
different thing from the more localized pubic swellings of adolescence.” In a 
footnote llartiiian mentions that swellings over the whole sexual skin “ occur in 
not over one-fourth ” of adult females, “and in these it occurs only occasionally ” 
(19286). 

I am greatly indebted to Dr. C. Dobcdl, F.Il.S., of the National Institute for 
Medical Uesearch, Hampstead, London, for the following history of a rhesus 
macaque, who first menstruated on the 3rd of March, 1928, after she had been 1] 
years in England. Her weight at this time was 3300 gms. At first she was 
irregular. Ueddeiiiiig and “quilting” of the thighs and abdomen first appeared 
in the month preceding menstruation. The “quilting” has persisted over since, 
hut becomes most pronounced midway l-etweon the periods. It varies from time 
to time in extent. In 1928 this female menstruated only 3 times (3.3.28; 
17.8.28; 8.10.28). In the interval between the first and second of these 
occasions the “quilting” extended above the umbilicus and down to her heels. 
At the same time her face became very red, and she had a very large red inter- 
orbital swelling. The fourth time this female menstruated was 2. 2. 29. Since 
tliat date and up to the present (Jan. 20, 1930) she has menstruated 12 times. 
The average length of these 12 cycles has been 28* 3 days, the range of variation 
being 23-41 days (see Chart 2), 

MaCAGA KADIATA. 

The Bonnet Monkey of India, common though it is, has not, up to tlie present, 
attracted the attention it deserves. It presents certain unusual features. 

Percy in 1 844, in a paper on the management of monkeys in captivity drew 
attention to one of its more obvious peculiarities. He writes : “ two 
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individuals of CereopUheevB radiaim (n Mamca nidiata) are habitually affected 
with a copious discharge from the vagina. 1 have sometimes seen large, trans- 
parent, colourless clots of mucus evacuated.” This, so far as 1 know, is the only 
published record of the mucous discharge of the Bonnet Monkey, though it is well 
known to all who have kept the species. 1 do not know of any record of the 
anatomical condition responsible for the phenomenon. 

The death of a Macaca radiata, in the London Zoological Gardens this year 
provided me with the opportunity of investigating the cause of the discharge. I 
found that the cervix is unusually large, and that its mucous membrane is thrown 
into a large number of folds, supported by a central stroma, from which bud off 


Chart 2. 



Days of Observation 

Growth curve of a Macaca mulatta (= Macactu rhesui) over a period of 840 days, on which nro 
marked the times of menstruation. This chart is a record of puberty. The first day of 
observation was the 28th of September, 1927. 

100 = 6-1-28. 200=15-4-28. 300=24-7-28, 400=1-11-28. 

600=9-2-29. 600=20-5-29. 700=28-8-29. 800=6-12-29. 

Data from Dr. C. Dobell, F.B.S. 


secondary folds which again branch. The folding is very complex. The lining 
epithelium is composed of large glaiidulnr cells which also line the glands which 
di|) in all directions (see PI. 1.). A fuller description of the histological 
features of the internal generative organs of this animal will appear in a future 
publication. 

Pocock in 1906 remarked on the absence of cyclical phenomena in this 
animal, which in his experience did not menstruate in captivity. He mentions 
however, that a female of this species kept by Dr. Hamish Nicol did menstruate’ 
and menstruation had also been observed earlier by Percy (1844). ^ 
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For about a year I have closely watched three female Macaca radiata in 
confinement in the London Zoological Gardens *. 

In one of them menstruation was observed in four consecutive months, the 
cycle lengths being 31, 33, and 29 days. Bleeding has been observed only once 
in each of the other two. Unfortunately, observation in this species is made 
difficult because of the heavy mucous discharge. 

The pudendal area of Macaca radiata In coloured a <leep purple, and the face, too, 
is frequently highly coloured, or pigmented in red patches. No cyclical swelling of 
the sexual skin occurs, and it is almost impossible to tell whether there is any 
variation in colour during the cycle. 

In the animal which menstruated four times it seemed that the secretion of 
mucus was most profuse towards the middle of the cycle, diminishing as the 
menses approached. In the second the mucus has been continuously profuse, 
while in the third the amount fluctuates from day to day, and is absent for several 
days at a stretch. 

I am indebted to Dr. C. Dobell for the following data regarding a female 
Macaca radiata in his possession. Dates of menstruation in 1926 were Jan. 8-11, 
Feb. 15 (continuing intermittently to the 25tli), and March 20-27. Slie did not 
definitely menstruate again in 1926, though at irregular intervals an occasional 
streak of blood was found in the vaginal mucus. The monkey became pregnant 
in September, giving birth to a still-born baby on the 26th of February, 1927. 
Her first menstruation after this was on April 17th, then on May 15th, July 9th, 
August 14th, and October 28th. 

The intervals Instween May 15th and July 9th, and between August 14th and 
October 28th, are each suspiciously near the length of two cycles. Assuming this 
to have been the case, the average cycle length in this animal is 33 days. Dis- 
regarding this possibility, the average is 44 days. 

Macaca irijs. 

This is the Common Macaque, which has a wide distribution in South-East Asia, 
Burma, Siam, aiul tlie Malay Peninsula and islands. It was studied under the 
name of (Wcocehus cyvomolyos by Van Herwerden in 1906. 

Pocock in hotli 1906 and 1925 remarked on the absence of cyclical coloration in 
this species. Apart from this negative statement, I do not know of any reference 
to the cycle of this monkey. 

For about a year I have kept adult females of this species under observation. 
Unfortunately they are caged, and, as T have previously noted, it is impossible 
under such circumstances to be certain that one has not overlooked menstruation. 
With two exceptions (in one J have seen fairly regular bleeding in the past six 
months, and in the other bleeding only once), iny experience has been similar to 
Pocoek’s, who never observed menstruation in this species. The average of four 
cycles in the exceptional animal is 41 days. 

Almost all females of this species, young and adult, show “scrotar^ swellings 
similar to those described by Hartman as characteristic of puberty in M, mvlatta 
(see p. 703). The swellings vary in colour from a deep black in younger animals 
to a yellowish pink in older animals, and vary also in prominence from one 
animal to another. Though 1 have little doubt that these swellings are homologous 
with the similar condition in M. mnloAta^ I have been unable to convince myself 
that they vary in any way during the cycle. 

Many fully mature females of this species also show a swelling of the base of 
the tail. In some this swelling is very prominent. I have no doubt that both 
the amount of the swelling and the colour, which may be quite bright, vary in the 

* Another female of this Bpeoies arrived in the Gardens on the 6th of January, 1030. She 
menstmaM on the 10th, and again 23 days later. Her muooaB secretion is always profuse. 
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same animal from time to time, but thus far I have failed to note any cyclical 
variation, or any relationship to the menstrual process. 

This type of swelling is probably the same as that described in M. cyolopis by 
Sclater in 1864 and Murie in 1872. I have not seen swelling of the tail in any 
species of Macaque other than though Anderson (1878) affirms that he 

lias seen tail-swelling in “ Macacus rheaus** His observation, however, is queried 
by Pocock, who believes it was not the animal now known as MmoGa mvlatta, the 
common Indian rhesus monkey, to which Anderson was referring, but Macaoa 
msaimiisia, the Himalayan monkey. 

Macaoa nemestbina. 

Pocock in both his papers records the occurrence of external cyclical changes 
in the pig-tailed monkey, though he does not note the time relation of the swelling 
of the sexual skin to menstruation. He states that the change involves the root 
of the tail, which is thrown into thick transverse folds, and the whole of the naked 
area of the rump all round the anus, the genitalia, and the callosities are affected, 
and its red colour intensified ” (1925). 

There is only one adult female of this species at present living in the Zoological 
Society’s collection. She has been under close observation ever since she gave 
birth to a male baby on July 15th, 1928. It was not until March of 1929 that she 
showed signs of physiological activity of the generative tract, though secretion of 
milk had probably ceased before this. (Her baby continued to suck, but did not 
seem to draw milk.) In the first week of March lier sexual skin commenced to 
brigliten in colour and to swell, «.nd this continued, the colour varying in intensity 
and the swelling in extent until the last week in April, when the swelling became 
relatively enormous and blue-red in colour. No greater activity of tlie sexual skin 
has been observed since. 

Her appearance at tiiis stage differs somewhat from that described by Ik)cock. 
She shows very little tjiil swelling. The skin anterior to the pudendal cleft swells 
into an elongated pubic lobe which includes the clitoris. The anterior lobe may 
be divided by a transverse groove into two parts. The anterior limit of this part 
of the swelling is concealed slightly by abdominal hair. Tlie pudendal margins 
anti the skin surrounding the anus swell into a prominent, smooth, blue-red anal 
pad which extends laterally around the callosities, wliich are not affected and are 
not covered. No appreciable change occurs in the colour of her nipples or face. 

The swelling began to tlisappear and the colour to fade on the JOth of April, 
and within a week lier perineal art'a had resunu'd its quiescent state. Menstrua- 
tion startetl on the Ifith of May, lasting four days. On the last tiny of 
bleeding lier sexual skin again sliowed signs of activity, reaching its limit of 
swelling and coloration on the .‘iOth of May. It remained at its height for about 
four days from this date, the swelling disappearing c^nnplotely during tbo 4tli 
of June. Menstruation started fifteen days later, June 19th, and lasted two 
days. 

The second cycle therefore lasted 35 days. Her third cycle, which lusted 
44 days, began with swelling of the sexual skin immediately after the second 
bleeding ceased ; swelling gradually reached its maximum, and disappeared 
suddenly on the 24th day. Menstruation commenced 20 days later. She was 
mated with her male on the 20th and 21st days of this cycle without success. The 
next (4th) cycle of 34 days was remarkable, as swelling and coloration of the 
sexual skin were alinokt imperceptible. The terminating menstruation was, 
however, normal. The one following (5th) was the reverse, in so far as the 
sexual skin remained swollen throughout a cycle that lasted 47 days. T'lie 
succeeding cycle was also different, for the maximum height of the swelling was 
maintained for almost 50 days ^fore it suddenly subsided. Her male was 
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reintroduced to her on the 36th day of this cycle, and has been allowed to remain. 
Subsidence of swelling occurred 20 days after his introduction. They have mated 
frequently, and as over 50 days have elapsed since the last subsidence of swelling 
without tlie appearance of menstruation or external change, it is almost certain 
that she is again pregnant (see Chart 3). 

Maoaoa fusoata. 

The Japanese Monkey is the only other adult female macaque which I have 
had the opportunity of observing, and, like Pocock, I liave observed neither 
menstrual bleeding nor external cyclical changes. The animars normal coloration, 
both of face and perineal area, is a very bright red. Owing to the difficulty 
attending observation of this specimen, 1 am unable to state definitely that cyclical 
changes do not occur. 


Chart 3. 



]>iagraniniatic TopreHuuiation of tlie “ monstriial hifitory ” of a Macara neme*trina. 


Soo explanation of Charts, p. 754. 


Maoaca oyolopis. 

Murie (1872) gives a qmdnt description of the cyclical swelling in this monkey, 
which is figured by Sclater (1864). ITe writes ihnt “in the female Rhesus 
Monkeys and the Baboons, at stated periods the hinder parts become unusually 
florid an<l puffy, but generally speaking the tumidity is restricted within reasonable 
liounds. In the case of tlie Round-faced Monkey, however, not only me the 
callosities and external genitalia swollen, hut even the proximal end of the tail is 
inonlinately increased in <limensions. In short, the whole of the posterior parts 
are literally a mass of deformity. The skin and suhcutaneons tissues are fright- 
fully distended, purple, deeji red, and roseate, and hero and there bagged out in 
great folds as if they were ready to hurst from sanguineous and serous effusion. 
It is a InMeous spectacle ! ” 

Macaoa sylvana. 

According to Pocock the sexual skin of the Gibraltar Ape becomes turgid and 
slaty or purplish in tint. “ In the female of this species the region of the rump 
above the anus rises into a high doine*shaped expansion, so that there is a long 
area between the anus and the generally externally invisible tail.” 

Maoaoa maurus. 

Pocock believes similar changes occur as in Macaca sylvana. 

Macaca silenus. 

Pocock writes that in dried skins of this species “ there is a large area of naked 
integument above the anus and callosities and a moderately wide area external to 
them, and in living examples these areas ai'e greatly swollen, the upper area 
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forming a great cnshion-Hke transverse expansion which lifts the base of the tail 
into a vertical position.” Pocock believes that similar changes occur in Mwswsa 
laaiotis, 

I do not know of any statements regarding other species of macaca. 

Genus Cynopithbots. 

Pocock writes that the swelling in Cynopitheoua nigtr affects “ principally the 
lateral nre.a of the rump, where it is widely extended, lobate, and folded. The 
base of the tail is involved only to a small extent in the specimen examined ; the 
anal eminence and the vulva are not affected, but retain their normal position and 
form, lying in a groove formed by the expansion of the tissues on each side of 
them. The area round the callosities on each side of the vulva, however, overlap 
and conceal it, and have to be palled aside for its exposure ; but the swellings do 
not extend ventrally below its inferior end, and the preputial sheath is unaffected. 
So far as iny observations go the swelling in this genus conforms in a general way 
to that characteristic of some species of Macaca^ and is different from that of 
Papio'' (1925). 

1 myself liave not had the opportunity of observing an adult female of this 
genus. 

Genus Thbbopithecus. 

I have no personal knowledge of the female of this interesting genus, nor had 
Pocock, but, on the testimony of keepers in tlie Zoological Gardens of London, 
Pocock writes that there is no cyclical variation in the condition of the genitalia or 
adjoining sexual skin, hot li of which are normally somewhat turgid and prominent. 
In the species Theropithecus gelada, however, there exists in both male and female 
a bare spot on the chest and neck which is very brightly coloured. “The patch 
may be described as composed of two triangles reversely directed with their apices 
close together or confluent. ... In the female where the two triangles are 
confluent, the shape of the patch may be likened to that of an hour-glass, and 
in this sex the patch is, as Garrod said, carunculated all along its lateral and 
inferior bortlers. These caruncles are ovate, flattened, and numerous, and, as 
I have been informed by Slielley, the keeper in charge of an adult pair of these 
animals recently exhibited in the Gardens, become enlarged during menstruation. 
TheropWtecus is unique in the Oynomorpha in possessing this pectoral patch ” 
(1925). 


Genera Papio and Mabdrillus. 

Tliese two genera may be considered together, as their external manifestations 
of the cycle are alike. 

Pocock in 1906 described tlie cyclical changes in Papio porcariuSf Papio papio 

Papio sphmx)y Papio anuhis (^Papio oUvaceus\ Papio hamadryas^ and Papio 
cynocepJuilus, “The period of ‘lieat’ is heralded by inflammation of the genito- 
anal area and is followed after a day or two by a flow of blood which continues for 
four or five days, during which time the inflammatoiy swelling gmdually increases 
in size. . . . After the haemorrhage stops, the swelling continues .to grow and 
extends laterally so as to conceal completely the ischial callosities and tlie naked 
skin adjacent. It reaches its maximum in about two weeks’ time and remains at 
that stage for about one week. It then begins to shrink, and in about another two 
weeks has disappeared, so that the female at a distance is indistinguishable from 
the male. After a few days’ rest inflammation again sets in and is almost at once 
followed by the appearance of faasmorrliage.” Pocock noted that the cycle is 
monthly and that individual variation exists in the amount of blood lost. In 
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1925 he extended the observation to the genus MaifidrilbiSy and also recorded the 
fact that external changes are most marked in Papio porcariuB, 

Gear’s description of the cycle in Papio porcarius (1926) is remarkable. It is 
Pocock’s description reversed. 

He writes, the length of the oBstrous cyqle in the baboon ... is 34*6 days, 
that is, a rhythm of five weeks. . . . From an examination of the external 
changes alone, it is possible to divide this cycle into detinite periods corresponding 
with similar periods in other mammals, as noted for instance by Hartman (19231 
in the opossum, Allen (1923) in the mouse, and Corner (1921) in the sow. 

“The cycle is divisible into: (1) the dimstrous interval, a period of rest; 

(2) the pro-oestrous, when the genitalia undergo great morphological changes; 

(3) (Bstrous, the period of sexual desire; (4) metoestrous, when the processes of 
degeneration in the genitalia occur. 

“ In the baboon the dimstrous period averages ten days, and, during this time, 
the pudendum is in no way conspicuous, the labia majora appearing merely as two 
narrow longitudinal folds of wrinkled scaly skin, between the ischial tuberosities. 
The dimstrous period terminates in the occurrence of very remarkable changes in 
the external genitalia. In a few days, usually four, the labia majoria, the clitoris, 
and the anal mucous membi-ane hypertrophy to a great extent. At the height of 
this growth there is a huge spherical swelling around the anus, entirely covering 
the gluteal region, and, extending downwards and forwards from this swelling, 
is the similarly enlarged vulva. The size of the organs reached at each mstrous 
period is approximately the same for one individual, but iu different animals there 
ai*e variations. Nevertheless, in the least pronounced enlargement the following 
measurements were obtained : Transverse diameter of spherical swelling, 10 inches; 
depth of swelling, 5 inches ; length of vulva, 8 inches ; breadth of vulva, 4 inches. 

“ Other measurements in other animals were greater by three or four inches in 
the diameter of the anal swelling. This enlarged anal swelling is usually irregu- 
larly lobulated, the lobules being rounded and smooth of surface, the whole giving 
the impression of great vascular tension. The pudendal swelling is of a similar 
appearance and nature, although not lobidated. 1 he colour is a vivid, glistening 
red, approa(;hiiig almost the depth of beetroot red. 

“ This exaggerated appearance continues for some time, averaging nine days, 
n.ssociate<l with obvious changes in tlio animal’s beluiviour, demonstrating sexual 
desire. Often there appear fissures, cuts, and abrasions on these organs as the 
period lengthens. These injuries show haDmori hnge, serous exudation and usually 
a small amount of suppuration. However, the enlarged area seems in no way 
ultra-sensitive, as the baboons in this condition do not hesitate to adopt sitting 
postures iu which the external genitalia are brought into severe contact with such 
liard objects as rough wooden boxes. Though the change in the tissue may bo 
analogous to an inflammatory condition, yet it evidently does not result in 
inflammation. 

“Thi-oughout both the pro-a?strus and the cestrus there occurs an excessive 
vaginal secretion, which varies in chai-ncter from a thick white, viscid, mucoid 
secretion during pro-oestrus to a more serous, watery secretion during the later 
stages of oestrus. 

“In the nipples there is a synchronous change in size and colour. They 
become slightly tense, losing tlieir usual scaliness and wrinkled appearance. The 
colour also deepens, resulting in a tinge of red in the nipple. 

“ There is evidence, in these external enlarged organs and in the increased 
vaginal secretion, of similar associated hypertrophic changes occurring in the 
vagina and uterus. As has been mentioned before, these relations are probably 
provoked by ovarian hormones. 

“With startling rapidity the hugh swellings subside. There appears first 
a and loss of glistening effect and colour, the smooth surface rapidly 

46 « 
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wrinkling and shrinking, so that, within five days, the anal and pudendal margins 
are once more their normal resting size and appearance. This return to normal is 
followed at once or within two days by a slight vaginal flow of blood and serous 
fluid, and this menstruation evidently represents the meteestrus, during which the 
hypertrophied mucous membrane of the genital tract undergoes degeneration and 
desquamation. This blood-stained flow continues for an average of six days, and 
then once more the dioestrous period follows.’^ 

There is a striking difference between Gear's and Pocock’s descriptions. 
According to Gear, a quiescent interval of ten days elapses between the 
menstrusl bleeding nnd the beginning of hypertrophy of the sexual skin. 
According to Pocock, hypertrophy b gins during the bleeding, and reaches its 
maximum in nboiit fourteen days (see Diagram 1.). 

Diagnmi 1. 

A. 

Maintained 



S^6 days 


B. 



The Menstrual Cycle of Papio porcarius, A. Aocordinpr to Pocock. B. According to Gear. 

The curve represents ssrelling’ of the sexual skin. 

Before recording my own observations on this genus, Distant's (1897) record 
of nine cycles in a specimen of F, porcanua may be noted. The average cycle 
length was 41 days, the range of variation being 34-67. Percy. (1844) left a 
record of the cycle in the drill. He writes ; “ I have a Papio leucophmbs {^Man- 
drillus leucophasu8\ .which I have had for four years, which regularly, so far 
as I have observed, menstruates at intervals of about six weeks. The labia become 
enormously swelled and protuberant, and during the subsidence of the swelling 
a sangi neons discharge appears." 

My own observations in these two genera have been restricted to the species 
Papio hemadryas^ Papw anuhis^ and Papio cynocophoduo. 
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Papio hamadrtab. 

During 1929 ten adult females of the species P, hamadryaa were under 
observation. Of these one (C. 12) died three months after I began observations 
(see 0l»art4). Another was a female (M) which had given birth to a male baby 
in September 1928, and which died on the 31st of August, 1929. In the period 
following the birth of her baby she only once showed swelling of her perinsRum. 
Tliis did not reach the normal maximum of lier species, and was not followed 
by menstruation. Her amenorrhea was due partly to hictatiou and partly 
to a chronic septic endometritis, discovered at autopsy. 

Five of the others (Sm., Sc., Ha., Sp., Scr.) became pregnant after a few 
months’ observation (Charts 5, 6, 7, 8, 9). In only three ( Wa., Te., Gr.), therefore, 
have normal cycles been observed for almost a wliole year (Charts 10, 11, 12). 

Cycles are calculated from the onset of one menstrual flow to the onset of the 
next. Swelling of tlie vulva becomes noticeable any time during menstruation or 
immediately after bleeding has stopped. The duration of the catamenia has not 
been establishe»l with certainty, but it appears to bust from 2 to 4 days. Certain of 
the females under observation were kept in an open enclosure, and on a few 
occasions bleeding was not observed. Cycles were then calculated from the onset 
of swelling. 

The average length of 30 cycles observed in 8 of the 10 females of the species 
Papio hamadryaa wiis 30*6 days. The cycles varied from 23-40 days. No 
prolonged period of amenorrhea was observed in any anim;d undergoing normal 
cycles. 

Not enough cycles have been observed to establish the mode, which nppears, 
however, to be the same as the average cycle length, L e. about 30 days. Individual 
animals appear to be fairly regular. 

Swelling of the sexual skin begins either during or immediately after the 
catamenia, and in this species reaches its maximum in about a week. The 
duration of the period of growth and the amount of swelling that occurs are botli 
somewhat variable, diflfering from animal to animal and occasionally in the same 
animal from cycle to cycle. I have never seen the swelling so well developed in this 
species as I have in Papio cymcephalus, which again, according to Pocock, does not 
show as much swcdling as does Pajno porcarim. Gear’s description of the size of 
the swelling in this species has been quoted. A striking illustration of the swelling 
is given by Friedenthal (1908). 

The swelling from its very beginning is demarcated into two areas; a 
part anterior to the middle line of the vaginal orifice (which is on a level with 
a line drawn through the anterior margins of the callosities), composed of the 
clitoris and its preputial sheath ; and a posterior part composing the posterior pnrt 
of the vaginal orifice and the circum-anal skin. It may be noted at this point that 
in the adult female of this species the vulva seldom assumes a position beneath or 
level with the surface of the callosities, as it does in the female before puberty. 
There is usually a certain amount of flabby swelling of the preputial sheath, vulval 
lips, and circum-anal skin, even during the quiescent phase of tlie cycle. 

The preputial sheath swells into an oval rounded body which does not overlap 
its littached base. Its anterior extremity pisses forwards below and anterior 
to the symphysis, and is covered with abdominal hair. The tip of the clitoris 
is generally seen in a depression near the vaginal orifice. Occasionally it is 
prominent. 

The posterior swelling soon overlaps its atbiched base, which passes medial to 
the callosities and just anterior to the base of the tail. The ischial callosities are 
cx)mplete1y hidden. The peri-anal swelling is several times larger than the clitoric 
swelling. The anus has a central opening in the form of a transverse groove, 
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usually furrowed radially. The paginal orifice is between the clitoris and anal 
swellings. Smaller grooves occasionally appear in the peri-anal swelling, producing 
an appearance of lobulation. The lateml part of the peri-anal swelling expands 
last. The swellings are very turgid and shiny, and are bright red in colour. 

Chart 4. 
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Chart 8. 



Pajpio hamadrya$t “ Sp.” 


Chart 9. 



(929 1930 

Pa^io hamadryas, “ Scr.” 
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Papio hamadryaat “ Wa,** 


Chart 11. 



Chart 12. 



Papio hamadryaSf “ Gr.” 


Charts 4 to 12. — Diagrammatic representations of the “ menstrual histories *’ of nine Hamadryas 
Baboons, Papio hamadryas. See Explanation of Charts, p. 754. 
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The swelling is maintained, usually without any appreciable fluctuation in size, 
until about the middle of the c^’^cle, when it suddenly disappears, the perineeum 
resuming its normal cpiiesceiit appearance. The regression of the swelling is 
usually heralded by peeling of its surface epithelium. Occasionally, however, 
peeling may become apparent earlier in the cycle. The onset of subsidence is 
sudden, and, generally, almost the entire swelling is absorbed within 24-48 hours. 
Frequently an animal which one morning shows its maximum swelling will on the 
next present almost a quiescent perinaBum. 

Apart from the changes in the perineal area, cyclical variation also occurs in 
the nipples, which become brighter in colour, and in the face, particularly around 
the eyelids. At the height of swelling the eyes arc surrounded by a ring of red, 
brighter in the lower lid. 

Vaginal secretion is more profuse while the swelling lasts. 

The quiescetit appearance of the perinacum varies from female to female. 
A certiiin residuum of swelling in the form of flabbly, thick folds is found in many. 
After the initial absorption of the swelling in the first 24-48 hours, the degree of 
promineiiGe of the vulva and peri-anal tissues varies but little, if at all. The 
animal remains in tliis condition until the end of the cycle, when menstruation 
begins. Bleeding seems to be intermittent. As previously noted, the succeeding 
cycle begins with swelling of the perinieum, either during the flow or immediately 
aher it. 

An important point which requires detailed consideration, for reasons which 
will become obvious in the next section, is the exact time in relation to the cycle 
length when the pudendal swelling begins to be absorbed, 1 have already 
noted that it occurs about the midclle of the cycle, and that it divides the cycle 
into a phase of swelling and a phase of quiescence. 

In only two of twenty-three cycles where the limit of observational error was 
less than twenty-four hours did it occur at the exact middle of the cycle. In four 
the quiescent phase was of longer duration than tlic phase of swelling ; in the first 
by 1 day, in the second by 4 days, in the third by 3, and in tlie fourth by 
1, the average being 2*25 days. In the remaining seventeen cycles 1 1 >e phase of 
swelling was longer than the phase of quiescence by an average of 3’7 days, 
the range being from 1 to 8 days. 

Considering the twenty-three cycles together, the phase of swelling was, on an 
average, of 2*3 days’ longer duration ilian the phase of quiescence. Tin* average is 
1*7 days for 9 cycles of smaller duration than the average and probable modal 
cycle, 30 ; 2 days for 3 cycles of 30 days ; and 3 days for 1 1 cycles of longer 
duration than the average cycle of 30 days. It is suggestive that the phase 
of swelling is relatively longer in longer cycles than in shorter ones. 

In the twenty-three cycles under consideration absorption of the swelling com- 
menced at some time within a period of six days, this period extending fiom two 
days before, to four days after, tlie middle point of the cycle. 

During 1929, observations were also made on the cycles of a young P, hamadryas 
female, who, judged by the stage of her dentition, is not fully adult. The date on 
which she first showed activity of her sexual skin is unknown. Bleeding occurred 
only four times during the year, in April, June, August, and September; this can 
be stated with certainty, for under the conditions of observation it would liave 
been impossible to overlook its occurrence unless only a very small amount of 
blood was lost. Her perinaBuni is always in a state of hypertropliy, the clitoric 
and peri>anal swellings l^eing continuously present. They undergo turgescence in 
regular monthly cycles, but never reach the size or turgidity seen in tlie adult female. 
Because of the small amount of difl^erence between the quiescent and turgid 
appearances of the perinaeum it is impossible to determine accurately the onset and 
decline of the swelling. 
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PaPIO ANUBIS. 

A large fully adult female of this species has been under observation since the 
1st of March, 1929. Up to the l)eginning of December 1929 eight cycles were 
noted (see Chart 13). The changes undergone are almost identical with those of 
the Hmiadryaa baboon, an<l the time relations of the phase of swelling and the 
phase of quiescence arc approximately the same. 

There are, however, certain small differences. The maximum perineal swelling 
reached is, relative to the size of the animal, less than occurs in Papio hamadryas. 
The appearance of the sexual skin at its maximum activity differs slightly from that 
of hainadryaa^ the peri-aniil swelling being composed of a smallei*, flattened, 
irregular liemispliere set upon a large one, while the entire swelling is not as 
furrowed as in some females of P, haniadrycis. Another important difference 
is that the swelling, which begins either during or immediately after the catamenia, 
seems to increase gradually in size, reaching its maximum within a day of its 
ahsorptioii. Absorption is very lapnl, being complete usual ly within 24 hours. 
During the (piiescent interval tliere is no residuum of swelling, tlie labia majora 
and the })eri-anal region reaching the level of the callosities. 


Chart 13, 



Diagraiumatic ropresontation of tho menstrual cjcles of an Anubis Baboon, Papio anuhts. 


See Explanation of Charts, p. 754. 


The limit of observafional error with this animal is less tlmii 24 hours. 
Menstruation lias been observed in each cycle. 

The average lengtli of the 8 cycles was 34 days, tlie range of variation being 
30-38 <lays. In one of these eight the phase of quiescence was one day longer in 
duration than the phase of swelling. In one the two phases were equal. In the 
remaining six the phase of swelling was longer (on one occasion by thiee days) 
than the phase of quiescence. The average for the eight showed the phase of 
swelling to be one day longer than the phase of quiascence. 

The onset of absorption of the swelling occurred at some time during a period 
exten<ling from half a day before up to one and a half days after the mid-point of 
the cycle. In the majority of cycles absorption began after the mid-point, 

Papio cvNOCEPnALUS. 

A fully adult female of this species w'as under observation for the greater part 
of 1929. Up to the beginning of December seven cycles were observed (see 
Chart 14). The cliangos undergone are essentially the same as in P. hamadryas 
and P. anubis. 

The maximum perineal swelling reache<l is relatively far greater than in either 
of the other two species ; the peri-anal swelling is large and liemispherical, grooved 
and partially lobulated, with a tmnsveise diameter of about 12 inches, a vertical 
diameter of 9 inches, and a depth of 9 inches. The clitoric lobe, about 6 inches 
by 3 inches, is smooth, and does not overl.ap its attached margins. The pubic lobe 
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and tlie area between the anus and vagina swell 6rst, then the part dorsal to the 
anus, and finally the lateral portions The hypertrophy reaches its maximum 
within 7-10 days after the onset of the catamenia, swelling invariably beginning 
and proceeding during the flow of blood. Absorption is not as rapid as in 
P. anuhia^ and in this female there is always a residuum of swelling consisting of 
flabby folds of skin peri-anally and in the preputial sheath during the quiescent 
period. 

The margin of observational error with this animal is within 24 hours. Men- 
struation has been observed each cycle. 

The seven cycles varied in length from 34-39 days, the average being 36 days. 
In every cycle the phase of swelling was of longer duration than the phase 
of (juiesceuce, exceeding it by from one to six days, the average being three. 

The onset of absoiption of the swelling occurred at some time in a period from 
half a day to three days after the mid-point of the cycle. 

In neither this female nor in the Papio anuhia is there any suggestion, as there 
is in P, hamadryaa^ that the longer the duration of the cycle the longer relatively 
the phase of swelling. 


Chart 14. 



Diagrammatio reprusentatioii of the menstrual cycles of a Yellow Baboon, Papio 
cynocephahia. See Explanation of Charts, p. 754. 


Before dismissing the subject of the cycle in the normal adult, 1 may add that 
my observations agree with those of Gear in that the turghi perineal swelling of 
Papio is ill no way sensitive, as Pocock suggests (1906). On the other hand, 
unless the manifestations of the cycle in Papio porcariua are totally different 
in South Africa (wliere Gear riiaile his observations) from those in the same species 
in England (describeii by Pocock), Gear’s observations on the time relations of tlie 
catamenia, the onset of .swelling, and the absorption of swelling are inaccurate. 
There appears to be complete correspondence in the time relations of these three 
phenomena in all genera and species of monkey and ape which demonstrate 
external signs of a cycle. 

The general plan of the primate cycle may be roughly summarised as follows. 
Menstruation occurs at fairly regular intervals of about 30 days. Immediately 
after the onset of menstruation, the sexual skin becomes active, reaching its 
maximum of activity before the middle of the cycle. Shortly after the middle of 
the cycle the sexual skin suddenly resumes its quiescent appearance, which it 
maintains until the onset of the next catamenia, when it again becomes active. 

New World Monkeys. 

Buffon, in his ‘Natural History ’ (1775), remarks on the “ periodical emana- 
tion ” experienced by all Old World monkeys, and notes that this “ emanation ” 
does not occur in any New World primate. This observation is confirmed by 
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Qeoffroy-Saiiit- Hilaire (Breschet, 1845). On the other bend, Rennger noted, 
in 1830, that females of the species Gehus azarce occasionally exhibited a slight 
vaginal bleeding. The bleeding lasted two to four days, and, though not 
“ periodic,” recurred in three, six, or even ten weeks. This observation, however, 
has not been confirmed. 

In my experience New World monkeys do not undergo menstrual cycles in 
captivity. 

During the past year 1 have closely watehed adult female squirrehmonkeys, 
Saimiri Bciwrea, adult female capuchins of various species, an adult female Black- 
faced Spider- Mon key, AteUs ater^ and adult female marmosets, lla/pale jacchus. In 
none have I seen any sign of cyclical bleeding or of cyclical variation in the con- 
formaton of the external genital organs. It is possibh‘, of course, that in captivity 
reproductive activity is usually in abeyance in this large group of primates. New 
World monkeys certainly show far less sexual behaviour than do Old World 
Monkeys. 

In the London Zoological Gardens births amongst South American monkeys 
have been few and far between during the past 100 years. A White-throated 
Capuchin (Celms capucina) in 1849, a Weeper Capuchin {Cehus apeUa) in 1885, and 
the Coin 111 on MnviwoBet (llapdle jacchm) m 1832 and in 1892 complete the list. 
This tloes not include abortions, which probably have occurred from time to time, 
but which usually go unrecorded. One female marmoset, for instance, aborted 
twice during 1929. 

So far as 1 know, the experience with South American primates in continental 
Zoological Gardens has lieen much the same. 

Apart from the paper by Lucas, Hume, and Smith (1927), already mentioned, 
and the records left by Breschet (1845), I do not know of any record of either 
the S(*xual behaviour or tho'reproiluctive physiology of any Now World monkey. 

Pallas (cpiol.tMl by Breschet) has left a record of vaginal bleeding in a marmoset. 

A chaque epocpie du rut, la. femelle avait un flux sanguin.” On the other hand, 
vaginal bleeding has been observeil on only one occasion in a Lister Institute 
marmoset *. Otherwise the experience at the institute has been the same as mine, 
i. in the marmoset there is no cyclical bleeeding or cyclical variation in the 
conformation of the perinieuin apparent to gross observation. 

Several births have taken place in the Lister Institute colony of marmosets. 
The animals are irradiated daily with a mercury -vapour quartz arc. Gestation 
lasts on sm average 145 days, estimated from the la.st observed pairing previous to 
parturition (the range is 150-160 days), and lactation jnobably lasts 30 days. 
Attempts at coitus are repelled by the female during pregnancy t. “ Oestrus ” 
occurs and lasts for a short while only, the female at. other times being disinclined 
for coitus and not attractive ” to the male. The nature of the attractive stimulus 
to the male has not been determined. 

IV. The Physiology op the Sexual Skin, 

Published records of investigations into the mechanism of the cycle in the 
sexual skin of monkeys and apes refer thus far only to Macaea mulatta {^Macacos 
rhetua). 

In 1926 (a) Allen recorded the disappearance of external cyclical changes in 
the sexual skin of spayed females of the s^iecies mulatta. He also showed that 
the sexual skin of spayed females becomes active upon injection of follicular or 

* I am indabted to Mias Hume for nameroua data about marmoseta kept at the Liater 
Institute, London. 

t Geoffroj-Saint-Hilaire (Breaobet 1845) reporta an inatance where a female marmoaet 
oopulated tiirougbout pregnancy. 
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placental extracts (cestrin). Later in the same year (5) Allen noted that the sexual 
skins of two rltesus monkeys that had just ovulated (the OTie N on the 10th, the 
other E on the 14th day of the cycle) were “ considerably reddened.** Several 
other records are contained in his 1927 monograph. An animal (S) which was 
iumuitiire when observations were begun was “operated on the fifteenth <hiy of her 
fifth cycle. At this time external colour was recorded as red I.,*’ red I. indicating 
a mild degree of coloration. It was found that this animal had not ovulated in 
any of her five cycles. She was regarded by Allen as atypical. The sexual skin 
of a second female (LE) on the first day of the menses was light red in colour. A 
large corpus luteiim was found in one ovary. No follicle lai-ger than J*4 mm. in 
greatest diameter was found in either ovary. 

The ovaries of another female (2E) which had not menstruated fur three 
months previous to death were found to contain four very large follicles. “ Extreme 
cutaneous reddening and swelling of the ‘ sexual skin * of this animal were noted at 
the time of killing.’* 

One may correlate at this stage certain of Allen’s findings, (a) “ Ovulation 
often does not occur during many apparently normal menstrual cycles, and when 
it does occur, it probably happens between the tenth and the fourteenth day after 
the first appearance of the previous menses.” (b) The sexual skin of spayed females 
may be activated with injections of the follicular hormone (mstrin). (c) Tlie 
maximum activity of the sexual skin of normal healthy females occurs bctweiui the 
tenth and twentieth (see p. 703) days of the cycle, the colour fading before tbe 
approach of the catamenia. 

These three facts taken in conjunction with one another suggest that the 
natural cyclical activity of the sexual skin of Macaca mulatta is the result of the 
stimulus of the follicular hormone whicli becomes operative at the beginning of a 
menstrual cycle, with the beginning of follicular growth, and winch is removed * 
about tbe mi<hlle of the cycle (usually when the follicle ruptures). Activity of the 
sexual skin is thus part of the follicular phase of the menstrual cycle. 

In his 1927 monograph Allen corroborated his earlier experiments upon tbe 
injection of follicular and placental extracts into spayed females. Here be showed 
conclusively that this experimental procedure is followed by signs of activity of 
the sexual skin. The more concentrated the extract used the more quickly does 
the sexual skin show signs of activity. After cessation of injections the sexual 
skin resumes its inactive appearance, though after two or three series of injections 
the colour fades only very slowly. The effects of the extracts upon the vaginal 
mucous membrane, the uterine mucous membrane, and the mammary glands will 
be discussed later. 

In 1928 (c) Allen made several further contributions to our knowledge of the 
factor underlying activity of the sexual skin. A tubal ovum was recovered by 
operation from a female that had experienced amenorrhea for 169 days. “ During 
this interval the 'sexual skin’ surrounding the external genital organs had been 
red and rough, the intensity of these phenomena undergoing five or six rather 
definite fluctuations, first fading and then coloring more deeply. Since these 
phenomena have been induced in ovariectomized animals by injected ovarian 
hormone, the deepening of the 'sexual skin’ colour indicated increased ovarian 
secretion, probably dependent upon the growth of one or several follicles. At the 
time of the operation, the reddening was quite intense, although not at its 
maximum, and the skin in some regions was roughened and swollen and tlje liair 
standing on end. It is probable that the development of the follicle from which 
this ovum was extruded was concerned with the latest phases of coloiing and 
swelling of the ‘ sexual skin ’.” 

^ But Bee DiBouBBion at end of thie paper. 
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In another paper (1928 s) he showed that injection of the follicular hormone, 
oestrin, into both normal and spayed immature rhesus macaques results in red- 
dening and swelling of the sexual skin. 

Hartman has shown that abnormally long persistence of activity of the sexual 
skin of Mumca mulatta is due to the presence of cystic follicles, in 1927 he published 
a brief account of a monkey that had menstruated on October 23rd, November 
30th (1926), and January 10th (1927). By January 2l8t the sexual skin was 
highly coloured and swollen, “ By February 7th the edema had attained tremen- 
dous proportions.” She was operated on on February lltb. A large cystic follicle 
was found and was artifically ruptured. The sexual skin very soon resumed its 
quiescent appearance, and the animal menstruated 7 days later. This observation 
has been confirmed several times (Hartman, 1929 b). 

Bobei*tson (1929) lias attempted to discover the effects induced in ovariecto- 
mixed monkeys by injections of extracts of ovaries and implants of corpus luteum. 
The follicular hormone and the corpus luteum were given concurrently in the same 
series of experiments. Growth was induced in the uterus, but in none of his 
animals “ had development of the uterine glands proceeded to a full premenstrual 
condition, as described by Corner for ovulating monkeys ” (see p. 739). 

Post-mortem examinations of female monkeys dying in the London Zoological 
Gardens have provided valuable data on the relation between the ovarian phase 
and the condition of the sexual skin. 

An undersized female specimen of J/. mulatta anived in the Gardens on the 
1st of December, 1929. 8he presented obvious signs of rickets and was otherwise 
in bad condition. Her stage of dentition corresponded to that of a girl about 
eight. Apart from permanent central and lateral incisors and first and second 
molars, her teeth were deciduous. When she arrived her sexual skin showed 
moderate signs of activity. ]ts colour gnidunlly deepened a.nd it cominenceil to 
swell, and by the ITitb of December she presented an extraordinary degree of 
swelling. The pubic skin was thrown into thick rugous folds, the vulval lips and 
anus were swollen, and tlie skin of the doi*sum of tlie base of the tail was in four 
thick folds, 1 have not seen as much swelling in any otlier female of this .sjiecies. 
8be remained in this condition until the 26tb of the month, when she became 
acutely ill. Hhe lay completely collapsed, her breathing was laboui'ed, and she 
was unable to feed. As the usual measures failed to alleviate her coinlition, she 
was killed on the 1st of January, 1929. Her body weight was 2170 gms. It is 
interesting to compare the weiglit of this rickety undersized i'eiiiale with tlie 
weight of “somewhat over 3 kilograms,” which Hartman (I928tf) considers to be 
the average weight of an adolescent female rhesus. During the month in the 
Gardens she was not seen to menstruate. 

Autopsy showeil her acute illness to be the result of pericarditis and broncho- 
pneumonia. There was no sign of previous follicular rupture, but the right ovary 
con ained one large follicle of 3 mm. diameter which appeared to l>e on the point 
of bursting. Several .smaller follicles were visible in both ovaries. Whether she 
had ever ovulated is not as yet definitely known (the ovaries have not yet been 
examined histologically), but in the light of the work of Allen it is safe to infer 
that her exaggerated degree of sexual skin activity was related to the ripe follicle 
in her right ovary. 

Several facts have been gathered regarding the correlation of the ovarian 
cycle and the activity of the sexual skin in P, haniadryas. 

1 noted previously (p. 711) that one adult female (C. 12) of this species was 
observed through only two cycles previous to her death. This female arrived at 
the Zoological Society's Gardens from Abyssinia on the 27th of June, 1927, and 
was then suckling a baby. I have been unable to find out when this baby was 
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weaned, but it was separated from its mother some months before observations 
were begun. The mother then occupied a cage by herself, and, according to 
her kee})ers, began to decline in health from the time of separation. When fii*st 
examined, her sexual skin was about half the maximum size it could attain. The 
first observation, therefore, was made within a week after the commencement of 
the preceding menstruation, whicli had probably just ceased. Her subsequent 
history can be read in Chart 4. As indicated there, she dieci on the 19th of May, 

1929, about twenty-four hours after the beginning of absorption of the swelling 
of the sexual skin. She had been rather ill and spiritless for several days 
before her death. The only pathological finding at autopsy was pulmonary 
congestion. 

A very recent rupture of a follicle was found on the surface of the left ovary 
(see PI. II.). An unsuccessful attempt was made to recover the ovum from 
the tube by flushing with warm Ringer’s solution. The size of the ovary involved 
was 13x10x7 mm. The area of the early corpus luteum, measuring to the limits 
of the yellow area seen on the surface of the ovary, was 8x5 mm. Near one pole 
of the somewhat oval area of the early corpus luteum was a brown depressed 
scar, the site of rupture. No plug projected through this rupture point. 
Numerous bright re<l vessels passed aci'oss the yellow area, the site of the rupture 
being surrouiKled by a vascular ring. Tlie largest follicle visible on the surface 
was situated near the yellow corpus luteum area, and was 2 mm. in diameter. 
The right ovary did not contjiin any follicle as large. On its surface was a 
brownisli scar about 2 mm. in lengtli, probably the ovulation point of the previous 
cycle. 

The microscopic nppe.arance of this early corpus luteum, which was unfortu- 
nately sectioned through its base, is shown in PI, II. In appearance it is 
similar to that described by Allen (1927) as typical of the early corpus luteum of 
M, mulatla. The section shows the rupture point on the sinfa.ce of the ovary. 
Tliere was no liaomoi rhage into the central cavity, which, ns in i/. mutatta, is 
filled with a coaguhnn. 

Another female of this .species of baboon, kepi at University College, London, 
by Dr. A. S. Parkes, died on the 29th of October, 1929, when her pndemlal 
swelling was at its highest, fifteen days after the onset of menstrual bleeding. 
A mature follicle was found in the right ovary, while the left contained an old 
corpus luteum. 

A second female, P. Immadryas, kepi at University College, was operated on 
by T)r. A. S. Parkes, on the 29th of October, 1929, approximately on the tbirt}- 
eightb day of a cycle. It was impossible to ascertain the exact stage of the cycle, 
as the previous menstruation had not been observed. The calcidation was made 
from the onset of swelling, which bad persisted for seventeen days and bad 
subsided twenty-one days previous to the operation, when the sexual skin was 
altogether quiescent. The right ovary, which contained a well -developed corpus 
luteum, was removed. She was operated on a second time on the 29th of January, 

1930, seventy-two days later, by Mr. L. Williams, F.R.C.S., of University College 
Hospital, Ijondon. No vaginal bleeding was observed during this interval ; she 
had, however, shown two cycles of pudendal swelling, and the second operation 
was performed two days after the beginning of the third cycle, w^hen. her sexual 
skin was about one-third the maximum size it could attain. At this operation the 
remaining ovaiy and the rest of the uterus were removed. The ovary contained a 
medium sized follicle (3 mm.), not projecting from the surface of the ovaiy. 
Twenty-four hoiiis after the operation her pudendal swelling had diminished 
almost by half. Seventy-two hours later it was less than the usual residuum of 
swelling normally shown by this female in the quiescent phase of the cycle. 
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Although experimental proof that the pudendal swelling of Papio is due to the 
follicular hormone is lacking, one may safely infer it from consideration of 
the above data. Accurate data regarding the size of follicles to be found in the 
ovaries of menstruating baboons, or in fact of any primate, are unfortunately 
lacking. It would seem, however, that the condition of the baboon sexual skin 
at any point in a cycle is a reflection of the phase in the ovary at that particular 
time. Any cycle ends with menstruation. The onset of destruction of the 
endometrium at menstruation is, in cycles with ovulation, a sign of the removal of 
the stimulus of the luteal hormones (see p. 748). The luteal secretions ha\e been 
shown to be responsible in many lower mammals for the suppression and ])ostpone- 
ment of oestrus. “ The presence of a corpus luteum in one ovary is sufficient to 
inhibit the oestrus-producing activity of both ovaries’’ — i.e. tlie production of 
oestrin (the follicular hormone) (Parkes, 1929). Where oestrus has been ai*tificially 
inhibited by the injection of luteal extracts, follicles after a moderate degree 
of development undergo atresia (Papanicolau, 1926). One may assume that at 
the normal termination of a luteal phase at menstruation, the follicle which will 
proceed to ovulation in the ensuing cycle (provided ovulation occurs in that cycle) 
is then about medium size and commences to develop rapidly. This assumption is 
supported by the fact that swelling of the pudendal area in the baboon generally 
begins during menstruation ; this swelling is due to the hormone mstrin which 
is found in the follicle, ns well as in other places. As the follicle matures the 
effects of the hormone become more intense. The swelling in the Anubis baboon, 
for instance (p. 715), seems to reach its maximum just the day before its 
absorption. Absorption of the swelling is sudden and rapid in the baboon, and 
appears to coinci<le with ovulation, which therefore usually occurs si iglitly later 
than the middle of the cycle. Rupture of the follicle, as in the lower manunal, 
indicates the appaient termination of the follicular phase, that is, the point of 
cessation of obvious activity of the follicular hormone mstrin. 

During the interval between ovulation and menstruation in the non-pregnant 
baboon, i. e. during the luteal phase, the sexual skin is inactive. During pregnancy 
and lactation— the fullest expressions of the luteal phase— the sexual skin is also 
inactive. This latter point will be referred to again in a later sectioii. 

In the lower mammal, e,g, the ferret, oestrin is responsible for ojstrous changes 
ill the accessory organs. The swelling of the sexual skin of the baboon is thus 
analogous to the oestrous swelling of the ferret vulva. 

The series of changes in the sexual skin of M, viulatta are strictly comparable 
with those of Papio. In Mitcaca rnulatta^ however, the prominent change is one 
of colour, and without an adequate objective standard it is impossible to def'Crihe 
the varying intensities of red exhibited by the sexual skin of the adult female. 
It- is for this reason more than any other, as I have already remarked, that 
accounts of the sexual skin phenomenon in M, mnlatta are vague and frequently 
conflicting. Oollings found that the maximum of coloration in J/. muUiita was 
reiched during the third week of tho cycle, while Allen noted that coloration 
was most marked during the tenth and twentieth days of the cycle. So far as 
is known, ovulation in M, miUatta occurs between the tenth and fifteenth days of 
the cycle (Allen 1927, Hartman 1929 /). If full value is to be attached to the 
statements of Oollings and Allen on the lato limit of sexual' skin activity in 
J/. mulaUa^ it would seem therefore that activity continues after the removal of 
the (Bstrin stimulus at ovulation. It is more likely, however, that the variation 
which they describe is due to the difficulty of defining limits to the activity of the 
sexual skin because of tlie absence of estimable swelling. In the baboon the 
colour of the sexual skin changes but little compared to its variation in promi- 
nence ; the colour of the quiescent perineum is little different from that of the 
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swollen perinaeum. Indeed, without the variation in size it would be difficult to 
describe the cycle in the baboon sexual skin. 

As previously noted, it usually takes from 24-48 hours for the absorption 
of the swelling in the baboon. It is possible, therefore, that a similar time elapses 
in M, mulatta before signs of the activity of the follicular hormone disappear. 
On this point, there are data. The swelling and colour of the sexual skin of 
the macaque with a cystic follicle ruptured artificially by Hartman “ wore 
greatly reduced after three days. After six the sexual skin was completely 
quiescent. It is unfortunate that there is no record of the condition of the sexual 
skin the day after the operation. Allen (1927) notes that by the middle to the 
end of the second week following ovariectomy pei-formed on rhesus macaques 
showing a maximum of swelling and coloration, the sexual skin becomes com- 
pletely quiescent. This observation too is, unfortunately, rather vague. His 
data on the effects of OBstrin on spayed females are, however, more detailed. 
His method was to inject preparations of the follicular hormone daily for a certain 
number of days, varying the amount given at set periods in the seriei; of injections. 
Tn one series of 20 injections the maximum dose was given on the sixteenth day. 
The maximum effect on the sexual skin was attained on the eighteenth day, the 
colour then fading rapidly to pale red on the thii'd day after the last injection 
or the seventh day after the maximum dose.” In another series of nine injections 
on the same female where the maximum doses were given on the eighth and ninth 
days, “ * the sexual skin ’ became considerably roughened and swollen toward the 
end of this series. The color had faded to very light on tho fourth tlay after the 
last injection, and had completely disappeared by the eleventh day.” These and 
similar experiments of Allen’s have shown conclusively that a decrease in the 
amount of hormone injected, or cessation of injections, is followed within a day or 
two by a decrease in the signs of activity of the sexual skin. From his protocols 
(19:^7) one may infer, too, that coloration and swelling of the sexual skin vary 
independently of each other. In one series of injections into a spayed female, 
colour persisted in the sexual skin for eighteen days after the last injection of tho 
series. Whereas “ an extreme degree of swelling or pouching” which had accom- 
panied the maximum colour liad “completely disappeared by the fourth day after 
the last injection.” This, too, is a fairly common experience in normal females. 
One frequently notes a relatively sudden disappearance of the swelling of the 
sexual skin in rhesiis macaejues (see quotation from Corner, p. 703). TJiis point 
will he referred to again in the discussion on pregnancy in Section VIII., 
p. 7.37. 

From Allen’s experiments, and from consideration of the somewhat abrupt 
disappearance of swelling in tlie baboon, it would seem that the maintenance of 
sexual skin swelling depends upon the continued secretion of ccstrin. The 
amount secreted probably increases from the beginning of the cycle and 
reaches a constant about tlie middle of the preovulation stage of the cycle. 
Judging by Allen’s experiments, there seems to be a slightly cumulative action of 
the hormone. The amount of activity of the sexual skin at any time, however, 
depends mainly upon the amount of cestrin being secreted or injected at that 
time. One may infer, therefore, that at the beginning of swelling less ojstrin is 
being secreted than at the time of maximum Bwelling. The period whicl) elapses 
before the disappearance of signs of activity after the cessation of injections in 
the experimental animal is slightly longer than the similar period which normally 
follows in the baboon after ovulation. This may be due to the fact that in the 
normal animal ovulation is immediately followed by development of the corpus 
luteum. 

There can be no doubt that the physiology of the sexual skin is the same in 
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M. mulaita as in Papio hamadryas. One* may safely infer from the similarity in 
time relations of the sexual skin phenomenon in other primates that osstrin is the 
responsible factor for the swelling and coloration of the sexual skin of all monkeys 
and apes. 


V. Nature and Changes op the Sexual Skin. 

(a) General. 

According to Collings (1926) excitement frequently causes ‘‘ a marked but 
temporary fading of the color ’* of the sexual skin in M. mulatta. “ A like effect 
was obtained by suspending the monkeys by the hind logs for a short time. 
Digital pressure over the part caused a local blanching at the point of pressure 
which would last for two or three seconds and which appeared to color up from 
the periphery of the pressed area towards the center. The application of chemical 
irritants and of cold by ice-packs gave rise to an even more marked red<lening. 
Tlie phenomenon as a whole was more marked during warm sunny weather than 
during cold or damp weather. Furthermore, it might be added that blood welled 
up much more profusely fi*om all incisions made in this area than from skin 
incisions made in other regions.*’ 

It may be remembered that colour chang^^s also occur in the nipples and face. 
These, in certain monkeys, show cyclical changes corresponding to those in the 
sexual skin area. Unlike Collings, I have not noted any effect of excitement on 
the sexual skin. My observations go to show, however, that the colour of a 
monkey’s face remains the same or may deepen in excitement. 

(b) The Colour of the Male. 

The hindquarters and face of the male hamadryas baboon are coloured pink to 
bright red, the hue varying in different animals. Momentary and fairly long 
sustained variations in intensity of colour occur ; excitement, for instance such as 
is caused by fighting, fre<iuently intensifies the colour. 

'riie facial and perineal colour of male rhesus monkeys also varies from 
individual to individual and in the same imlividual from time to time. ] have 
also noted marke<l variations in the facial and j>erineal colour of a male Japanese 
macaque, M . fuscaUis. 

Hartman (1928 6) not<?s tlmt male rhesus monkeys “also exhibit brilliant 
reddening of the buttocks, which changes from tiim* to time, probably according 
to the general state of well being of the individual.” 

Allen (1928 />) noted the siuhh-n appeniaiice of reddening in the sexual skin 
area of a largo seven-year old male M. wulaiia. Ho remark.s that it has been 
reported that male rhesus monkeys normally show this reddening during the 
breeding season. (Darwin (1871) also made this observation.) Allen inferred 
that the causative factor of coloration in the male might be the male sex hormone. 
Experiment show^ed that injection of the testicular hormone of this particular 
monkey in the form of ground testis and epididymis produced not “ the slighte.st 
indication of even a partial mstrous reaction ” in ten ovariectomized rats. Apart 
from this experiment, the coloration of the male has not been investigated. 
Injection of botli oestrin and testicular hormone into castrated adult males suggests 
itself as a possible means of discovering more alout tlie male sexual skin. 

(c) The Innervation of the Sextml Skin. 

Langley and Sherrington (1890-1892) have shown that the sexual skin of the 
rhesus macaque is supplied by the sensory roots of the same nerves whose motor 
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roots supply the vagina, L e, the first, second, and third sacral. The pilo^motor 
nerves to the hair of the sexual skin pass through the lumbar s^/mpailietic trunk 
from the 12th thoracic, Ist, 2nd, and 3rd lumbar nerves. The erection of these 
hairs persists long after tlie cessation of experimental stimulation of tlie lumbar 
sympathetic cord. 


. Histology, 

Ceilings (1026) has made a close study of the histology of the sexual skin of 
M, mulatta. His results may be briefly summarised. The skin is thicker over the 
buttocks than over other ])arts of the body. The tissues under the sexual skin are 
of looser mesh than in other parts of the body, elastic fibres are more abundant, 
and hair follicles, sebaceous and sweat glands are larger. The deeper vessels in 
the subcutaneous layer are larger than normal in the active sexual skin. The 
[Mipillary layer of the sexual skin has a ricli blood -supply. A rich vascular plexus 
is situated immediately beueatli the epithelium, the vessels being thin-walled blood- 
channels f recj uently larger than the feeding arterioles in the subcutaneous tissues. 
Ceilings foil in I “a direct correlation between the degree of reddening, the size of 
the superficial vessels, and tlie degree of engorgement. In the reddest specimen 
were found the largest of the superficial tliin* walled blood-channels, and in these 
specimens the engorgement was most marked.” 

The histology of the pudendal swelling of the baboon does not appear to have 
l)i*en investigated as yet. There is very little bleeding when the swelling is 
incised. On section it is white and rather like a coagulum. In some jiarts the 
incised mdeinatous swelling is purplish in colour. 

The swelling in the baboon seems to be mainly due to a transudation of fiuid 
into the intercellular spaces. It is impossible as yet to say how tliis transudation 
is elVected. The hormone (cstrin is, no doubt, contained in the blood circulating 
in the vessels of the pudendal area. In the rhesus macaiiue it causes dilatation 
of the minute tliin-walled vessels beneath the epidermis, though only a small 
amount of transudation occurs in this species. In the baboon, however, ti*an- 
sinlation is considerable. The following are a few of the immediate ijuestions 
wliich are suggested from these considerations. (a) Does the hormone act 
directly uptui the capillary walls, causing dilatation ? Tliis problem could be 
approached by the usual experimental methods. It would be necessary first to 
investigate the possibility of nervous control of the vessels of tlie soxnul skin 
area by means of secti(m of the nerves involved. Another method of apjiroach 
to a solution of the problem would be the investigation of the eflects of mstrin and 
control fluids upon isolated portions of quiescent baboon sex mil skin and skin from 
other parts of the body, kept in a suitable medium, (h) What is peculiar to tlie 
capillaries of the sexual skin tliat they alone dilate, leading to transudation, while 
capillaries in otlier parts of the body are on the whole unaftected ? This question 
suggests a study of the histological differences between the skin of diflerent parts 
of the body. It might also be possible to discover why the lower eyelids of some 
hamadryas baboons become more deeply coloured than otlier parts of tlie face 
during the follicular phase of the cycle, (c) What is the cause of the transudation ? 
Why sliould transudation occur in one species and not in another? ])oes trans- 
udation depend upon the amount of circulating (Bstrin, and, if so’, would it be 
possible with excessive dosage to produce a degree of swelling in the sexual skin 
of a spayed rhesus 'macaque which would parallel that seen in species which 
normally show marked swelling of the sexual skin ? 

Another problem is suggested by Langley and Sherrington's observation that 
erection of the hairs of the sexual skin is caused by stimulation of the lumbar 
sympathetic cord ; for during the phase of coloration in the rhesus macaque these 
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hairs are ereot. While it is possible that the erection of hairs is the result of 
direct stimulation of the pilo-motor nerves through local pressure rising out of the 
engorgement of the sexual skin area, it is conceivable that there is a nerve-hormone 
relationship. 


YI. The Biolooic.al Sionipicance op the Sexual Skin. 

Yarious interpretations have been made of the phenomenon of the cyclical 
change in the sexual skin. Yon Fischer (1876) suggested tliat the colour of the 
hinder parts of the female monkey renders her conspicuous to the male when 
viewed from afar, llarwin (1876) criticised this suggestion, giving as his opinion 
that, “as monkeys are such gregarious animals,” be would liave thought “that 
there was no need for the sexes to recognize eacli other at a distance.” He 
continues, “ it seems to me more probable that the bright colours .... serve as 
a sexual ornament and attraction.” Darwin <lid not differentiate between the 
cyclical coloration of the sexual skin of the feiriale macaque and the bright 
coloration of the face aiid hindquarters of the mandrill. In his argument for 
sexual selection as a factor in evolution, both were considered to be ornamental 
chnracteis, even tliongh he admitted that the rhesus monkey was the only 
mammal he knew in which the female was more ornamental than the male. 
The coloured hinder parts of monkeys were grouped with their beautiful and 
varied coat colours as cliaracters “acquired through sexual selection exclusively 
as ornaments,” Jn Darwin’s opinion, as “ monkeys have the habit of turning 
their hinder ends towanls other monkeys, it ceases to he at all surprising that 
it should have been this part of their bodies which has been more or less 
decollated.” 

"J’hese views of Darw’iii’s are interesting. They are, however, rather unsound, 
for, apart from their anthropoinorpliic point of view, they are based on incomplete 
and uncontrolled observations. In any c.a.so, tbe classification of the cyclical 
phenomenon, which we now know to he due to the action of the hormone a^strin, 
with permanent secondary sexual characters, which are almost certainly not caused 
by th.it hormone, is quite unjustifiable. 

Pocock (IfiOO) went back to Yon I'ischer’s view, considering that, the swelling 
and reddening “serve as a source of inform.ation to the males” of the sex and 
condition of the female when seen at a di.stance. ’^I'liis suggestion again assumes 
that the sexes are normally segregated, wliich, us Darwin pointed on t, is incorrect. 
Pocock also lend.s his support to Darwin’s view that the coloration is an ornamental 
character. “ It may be that tbe colour and inflanimation appeal to tbe apstbetic 
sense and sexual emotions of tbe males and act ns an aphrodisiac impcdling them 
to pair with fem.-dOvS in which tbe chavacteis are pronounced rather than with 
those in which they are poorly developed or absent.’’ 

Two iiupoitant aspects of the problem must he made clear, (a) Monkeys have 
colour-vision. Any doubt 'whicli might have been cast by tlie work of Waston 
(1909), amongst others, upon the colour sense of monkeys has been dtspelled by 
the work of de Haan (1925), Kohler (1927), and Kohts (see Yerkes, 1929). This 
is important, for it has frequently been said that monkeys do not. see colours. If 
this were true, the reddening of the macaque sexual skin, for instance, could have 
no biological significance, (h) No segregation of the sexes takes place in primates. 
1')ie sexes are permanently together. Moreovoi*, monkeys are not promi.scuoii8. 
The literature provides sufficient evidence to enable one to njake the generalization 
that the tendency of sub-human male primates is towaids polygyny. Every adult 
male attempts to secure for himself ns many females as possible. There is no seiection . 
Tlie mast dominant males secure for themselves the largest number of wives, 
and maintain ownership until they are deposed. In the colony of fifty haniadryas 

47 * 
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baboons owned by the Zoological Society of London, where adult males outnumber 
adult females by six to one, daily observations throughout the year 1929 failed to 
show more than three instances of a female having sexual relations with any male 
other than her “husband,” These occurred when the “husband's” back was 
turned (see Zuckerman, 1929). 

It is generally believed that sub-human primates mate at all times, and that 
they experience nothing similar to the cestrus of the lower mammal. According 
to Corner (1923 6) “the manifestations of sexual desire may be considered to be 
diffused over the entire reproductive cycle.” This, too, is Allen's opinion (1927), 
while Hartman writes (192He) that “as a general rule, the females {rhesus 
macaques^ will accept the male whenever given the oppoitunity. We have at least 
a hundred observations on this point. Borne females have, however, consistently 
refused the male, and certain ones have an antagonism to one or the other of our 
males, but the stage of the menstrual cycle has nothing to do with their refusal 
or acceptance.” In .another paper (1928r^) ho makes the generalization that 
“ primates have no definite ‘ heat ’ periods, but copulate at any time, some species 
with great frequency.” 

Miller (1928) made a close study of the very limited literature on this subject 
and was led to believe that both sexes of sub-human primates “are ready for 
sexual activity at all times”*. Hamilton's paper on “Sexual Tendencies in 
Monkeys and Baboons” (1914) was consulted, and from it Miller inferred that 
female sub-human primates “ were not subject to a psychological cestrons cycle, but 
were ready to accept the male at all times when not physically incapacitated (as by 
traumatism or recent parturition). The males, far from Jiaving tlieir sexual 
responses solely and automatically released by the female when in one delinite and 
special physiological condition, or having their sexual interests fall into abeyance 
outside of a seiuson of lait, were sexually attracted by any adolescent or adult 
female at any time.” All this, however, is pure inference from negative data. 
Hamilton's paper contains not a single reference to mstrus or rut, and nienstiuation 
is mentioned only as a sign of sexual maturity. Miller's conclusions, if they are 
to be considered sound, must have a tinner foundation than this. Other sources 
consulted were Montane’s ])apers on the birth of a chimpanzee in Cuba (1915, 
1928). According to Montane, the cluinpanzee copulates at any time, including 
[)regnancy. Kempf (1917) is also quoted. His paper concerns the sexual 
Mctivities of six rhesus inncaques, only one of wliich was a female. The observations 
are mostly on homosexuality. The paper contains no definite reference to cestrus 
in the female or to rut or periods of increased desire in the males, 'i'liis, however, 
is but negative evidence in favour of Miller’s view. Kempf’s paper contains one 
or two gross inaccuracies. For instance, the female rhesus described is said to 
have been six months old, but she is described in one place as menstruating 
(see p. 703). 

Miller also refers to Sokol ovvsky's statements (1923) regarding a chimpanzee. 
Sokolowsky writes that a certain adult 'male chimpanzee “ demanded repeated 
intercoui*se every day with liis females. For this purpose he sprang down and 
seized one of the females who oven if she struggled at first, had to yield finally to 
his superior strength.” This is hardly justificjation for Miller’s inference that “ no 
pii-iodical mstrus was apparent.” 

In addition to Hartman's statement, which I have already quoted, and two 
others which do not in • any way add to his argument, Miller also quotes two 
statements which are definitely against his conclusions. The first is Kohler's 
statement regarding the chimpanzee (1927). 'Tliis I have quoted in full on p. 698. 
Miller does not quote as fully as I have done, and omits reference to the access of 
sexual desire which, in the female chimpanzee, accompanies pudendal enlargement, 

* This study was made in order to refute Malinowski (1927), who had stated that apes 
experience a period of heat. 
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noting only the quiescence of desire during the catamenia. His quotation has, 
therefore, little point. The second is from Gear's paper, The (Estrous Cycle of 
the Baboon" (192C). This Miller admits to be the only record he found that 
points to the occurrence of a {)orioil of rut in any primate.'’ Gear writes that 
during the period of the genital enlargement .... a marked change in behaviour 
occurs. The animals lose their restlessness and usually rernnin quiet in a corner of 
the cage, even ceasing to care for their fur. ... Tu the females under observation, 
it was at this time that they permitted and even solicited the advances of the male, 
resulting in frequent acts of coitus." 

It is on such slender evidence, then, that Miller arrives at the conclusion that 
sub-human primates are equally rea<ly for sexual activity at all times. 

Before Tiientioning my own observations bearing on this problem, other state- 
ments conflicting with Miller's view may be mentioned. 

GeofiVoy-Saint- Hilaire (Breschet, 1845) wrote tliat “ les feinelles qni resolvent 
frequemment les m^les en tout temps, deviennent, quand a lieu cette turgescence 
extreme des pai*ties sexuelles, trcs-avides de rappioche de ceux>ci. Le rut est 
surtout ti*cs-ardent vers le commencement et la iin de I'ccoii lenient." This state- 
ment, while it associates the follicular phase swelling with most marked sexual 
behaviour, is incorrect with regard to the relationship between swelling and 
menstruation (see also p. 697). GeoflVoy-8aint-llilaiie also noted that coitus was 
infrequent <Uiring pregnancy, when the cycle was suppiessed. 

In their paper on the Marmoset (1927), Lucas, Hume, and Smith note that 
the mating periods of the marmoset seem to he demarcated. They write, with 
reference to a particular female, that coitus was observed on March 23rd and 
during the next two or three days. “ Tlieii attempts became fewer and Jess 
accceptable to the female, and finally ceased altogether. During the ensuing 
iiioiiths there was no sign of (estrum, and when the young male was at liberty he 
paid no more attention to tlie female, through the bars of the cage, than he did to 
the other male." Accurate data aViout mating in the iioii-pregnant marmoset are 
lacking, hut both the Lister Institute records and iny own observations at the 
London Zoological Gardens suggest that the female normally desires Jind tolerates 
mating only at set times. 

Pocock (1906) described tlie pairing of habwms ns occurring after the catamenia, 
i,e, during the period of pudendal onlargment, and con elates the swelling in the 
female with “ tlie extreme length of the intromittent organ in the male of 
Baboons." He tloes not state whether pairing also occurs during the quiescent 
period of the <?ycle. 

Fox (1929) describes a period of heightened desire in the female chimpanzee, 
and writes regarding a pair living in the Philadelphia Zoological Gardens that 
the sexual act is more frecjiient, more desired by the male, and more acceptable to 
the female during the period of perineal swelling. On the other hand, a pair of 
orangs in the same animal collection perform the act daily without relation to tlie 
menstrual cycle. 

According to Dr. 0. DoVjell, the rhesus iiioiik€»y mentioned on p, 703 becomes 
very uncertain-tempered and qiiai'ielsome at the time of leddeuing (but not at 
menstruation). She then is sullen and disobedient, and continually gnashes 
her teeth. 

I have had the opportunity of observing many species of monkey, and my 
conclusions about their behaviour are based on continuous observation at the 
London Zoological Gardens over a period of fully eighteen months. Both negative 
and positive facts are recorded here. 

An adult female Siamang and an adult male Hoolock Gibbon share the same 
cage. They have been together almost four years, and both are extremely active 
and in excellent condition. They have never been seen to mate or to behave in a 
manner which could be construed as sexual (see p. 699). An adult Silvery Gibbon, 
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Hylohates lar (see p. 699), has been observed thus far over a period of 2 months. 
8he is tame and usually appioacliea the bars of her cage to be stroked. No cyclical 
variation in the intensity of this social gesture of hers has been noted. 

An adult male Entellus Langur shared a cage with a Grey-cheeked Mangabey 
for over a year. This is the mangabey described on p. 701. Her behaviour during 
the periods of pudendal enlargement lias almost continuous sexual reference (see 
below). During tliese periods she would approach the male, hindquarters first. 
There v\ as never any response on his part*. This is similar to the experience 
recorded by IJeape (1894), who kepi adult male Entellus Langurs in cages with adult 
females of the same species in the ho])e that they would mate. “ Many of tlie 
females seemed quite prepared for copulation, and tried to induce the male to 
fertilize them, but without success.” 

There are several cages in the Monkey House of tlie London Zoological 
Gardens occupied by adults of both sexes of many species of the genus GercojHtlieeus. 
While certain of the males of this genus fire obviously potent, neither 1 nor 
keepers in the house recollect ever having observed their mating with the females. 
At the same time mating does occasionally happen, for species of this genus have 
on rare occsasions bred. Compared, however, with many others, this group of 
monkeys show little sexual activity. 

My observations on mangabeys are limited to one immature female and the 
Grey-clieeked Mangabey previously mentioned. The immature monkey has not 
yet been seen to behave in any obviously sexual manner. 

The other becomes exceedingly sexual <luring her periods of pudendal enlarge- 
ment. She is at present alone in her cage (see above). During the stage of 
perineal quiescence, that is, in the latter half of the menstrual cycle, she is 
variously occupied, jumping about wildly, clattering her feeding-tin, attracting 
visitors, fighting and til reateiiiijg her neighbours. During this stage she j arely 
examines her genitalia. When she clambers up the wire to bo stroked, she is 
content with having her arms and chest played with. Hut in the stage of pudendal 
enlargement her attitude changes completely. 8ho continually examines hor 
swollen perinaBuni, rubs it on available surfaces, ami present, s lieiself, but,tocks 
first, to visitors (this form of behaviour will in future be referred to as 
“ presenting”). If attempts are made to stroke Inn* duiing tiiis stage, she usually 
tries to bring her pvuleudnra into contact with one’s lingers. At the height of 
swelling her sexual excitement becomes intense, its abatement is as dramatic as is 
the subsidence of swelling. 

In the Lister Institute mangabey mentioned on p. 700 the desire to mate was 
strongest at the height of swelling. 

Several species of macaque liave been observed. 

Three adult female bonnet monkeys (Macaca shaie a cage. On rare 

occasions homosexual behaviour has been noted; it was impossible to correlate 
these with the stage of the cycle (see p. 705). 'J’here are several adult female Kra 
monkeys, or common macaques {Macaca irm) in the collection. Mating has been 
observed on very rare occasions. 

While my observations on the rhesus maca(pie (Macuca viulatta) agree broadly 
with what is usually recorded, L e. tluit rliesus macaques copulate at all times, they 
also extend beyond tliis generalisation. Many rliesus macaques live in, and pass 
through, the London Zoological Gardens, but to judge from published records, they 
are far less occupied sexually than are members of the same species kept in 
captivity in the United States of Amei’ica. I am convinced that the mating of 
rliesus macaques in the London Gardens is more frequent when the sexual skin is 
active. The female then welcomes and even solicits the male’s advances, and the 
males are more attracted by the females. 

** Brooding botween different Hpooies of monkey has frequently been recorded. Mating between 
different species occurs under captive conditions in mixed cages almost as freely as mating between 
members of the same speoies. 
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There are at present living in one particular cage six rhesus monkeys. The 
leader is a large adult male. He is piirticularly attached to an adult female, 
whose companion he has been for two years. 1'ho other four members are 
recent occupants of the cage. This group was led by an adult male who is now 
completely suppressed by the older pair and is of lowest “ctiste” in the group 
of six. The second dominant member of this gi onp was an adult female. She, 
too, is now a completely dominated monkey. The other two are an adolescent 
male and an adolescent female who have attracted little of the attention of 
the original two inhabitants of the cage and are correspondingly but little 
suppressed. Apart from the sex play of the adolescents, sexual behaviour is 
manifested by the male leader and by the two adult females. This male 
copulates with both females, paying .attention to the suppressed female only 
when her sexual coloration is at its height. At other times he is either 
oblivious of her presence, or becomes her tormentor. He mates with his own 
female rarely in her quiescent state and relatively frequently when her sex 
skin is active. On such occasions they sometimes copulate repeatedly in an 
interval of an hour. 

A pair of adult Japanese Monkeys {Macaea fuscata) share a cage. Over a 
period of more than a year neither I nor the keepers have observed any behaviour 
of sexual significance. 

Two adult l^ig-tailed Monkeys (Macaca n^mestrina) have been together, 
except when the male was sepamted during the weaning of their child, for 
two years. They are in excellent condition. Copulation is observed several 
times daily irres[)ective of the stage of perineal swelling. Their excitement is, 
however, definitely greater during the stjige of maximum perineal enlargement. 
'Phe same pair copulated freely during the female’s pregnancy, throughout 
which her perinituim was quiescent. They also copulated immediately (within six 
hours) after parturition. 

The sexual activity of a female baboon varies directly with the amount of 
pudendal swelling she exhibits. The “attractiveness*’ of a female baboon to a. 
male also varies directly with the amount of her pudendal swelling. These two 
statements are borne out by observations on isolated female baboons and on 
females in normal social relationship with male baboons. 

During the quiescence of the perineal area, caged baboons in the London 
Zoological (hu’dens very rarel}^ if at all, exhibit sexual interest. When coaxed to 
the wire of tlie cage they do occasionally “ present,” but more frequently their 
interest lies in having their fur “picked.” “ Presenting ” is not always an 
iinmeiliate sign of sexual desire. It may, on occasion, be a friendly greeting, 
but it is fi'eqiiently a sign of submission. It is exhibited as a reaction % 
males as well as females. Tts ultimate significiince is, however, sexual, and it 
is prompted most frequently and most insistently by sexual desire. During 
the phase of pudendal enlargement female baboons are more easily coaxed to 
the wire of their cages than in the quiescent })hase, “ presenting ” insistently 
without encouragement. A keeper whom I asked to obtain for me vaginal 
smears of two balKums in order to study the vaginal cycle (see p. 741) liad no 
difficulty during the earlier half of the cycle, but usually found it impossible to 
obtain smears after the swelling had subsided. Even if he managed to coax 
them to the wire and they presented, they would not allow the passage of a 
spatula. 

On “ Monkey Hill,” where a colony of hamadryas baboons of both sexes 
and all ages lives, it is possible to observe the behaviour manifestations of the 
sexual skin cycle under relatively “ iiatuml ” conditions. The bond between 
a male and his female is closest when there is greatest pudendal swelling. 
Elsewhere I have stated that at such times the female hardly ever moves from 
the male’s side, whereas in the quiescent phase she may sit several feet away 
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from him (1929). Copulation is most fre()uent during the stage of perineal 
enlargement, though it also occurs during the quiescent phase. When more than 
one female is owned by a male, priority in tlie harem is taken by the female 
** in (Bstrus Under such circumstances the male o^'erlord copulates almost 
entirely with the female who is in the phase of pudendal enlargement. I have 
never observed the male mating at such a time with a second female of the harem 
who is in the quiescent phase. The quiescent female of a harem is more active 
than the female with pudenda.! enlargement, spending the day at some distance 
from her male ; the “mstrous” female spends the day sitting and moving in 
close contact with her overlord. The instances of “infidelity” which I have 
noted (p. 726) have involved only the quiescent female, never the “ mstrous ” 
female. 

I have not noticed the temperamental change in the “ cestrous ” female 
described by Gear (p. 727) in caged baboons. It is, however, a very obvious 
occurrence on “ Monkey Hill.” 

The first generalization which one may make from these records' is that 
primates which show marked cyclical changes in the sexual skin are more active 
sexually than those that do not. Environmental conditions can hardly be 
considei*ed a responsible factor for this difierence in behaviour. All the monkeys 
in the London Gardens (except those on “ Monkey Hill ”) are housed and fed 
in the same way, and this pi'esent environment cannot be said to approach 
the natural conditions of any one specit^s more than any other. Many species 
show greater adaptability to captive (Huiditious than do others. This may have 
important bearing upon reproduction and sexual activity, but at present it is 
a factor difiicult to gauge. The only obvious correlation is between sexual 
activity and activity of the sexual skin. 

The mechanism of this correlation is suggested by Langley and Sherrington’s 
observation that the sexual skin (of the rhesus macaque) is supjdied by the sensory 
roots of the same nerves whose motor roots supply the vagina. When the sexual 
skin is swollen with mdcma its sensory nei ve endings are stimulated by pressure. 
Apart from this obvious means by which the animals attention is directe<l upon 
its genital organs, there doubtless occuis reflex excitation of the motor nerves of 
the vagina, leading to its increased tonicity and possibly also to movement of its 
muscular walls. 

The biological significance of sexual skin activity is therefore obvious. Mating 
occurs most frequently when swelling and coloration are at tlieir height, i, e. 
when the follicular hormone cestriu is most active, just before ovulation. In this 
way OBstrin serves the same purpose in primates tliat it does in the lower mammal. 
With few exceptions * the lower mammalian female will mate only when she is in 
“ oestrus”, which is a psychological state reflecting a series of physiological changes, 
the direct cause of which is oestriu, (Estrus synchronises with or follows soon 
after ovulation. The eflfectof oestrin may therefore be said to be tlie prevention 
of sterile mating. This is also what probably would occur with sub-human 
primates, under normal conditions— that is, wlicn male monkeys need not 
necessarily apply themselves to only one female. The female gradually passes 
into an attractive condition, and remains in that state while she becomes desirous. 
After ovulation she reverts into lier unattractive and iion-desirous stat^. In this 
way mating chiefly takes place when it is likely to be fruitful and rarely occurs 
when it might interfere with and prevent implantation. 

Even under completely normal conditions, however, the matings of monkeys 
are not altogether controlled physiologically. The fact that monkeys mate outside 
the phase which corresponds to the oestrus of the lower mammal is partly due to 
the conditioning of tlmir behaviour that results from the possession of a highly 

* Perhaps only the rabbit, when in an artifioial environment (Hammond, 1925). 
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efficient sensori-motor apparatuH. For apart from the desire for sexual satis- 
faction, female monkeys are known to offer themseWes sexually in order to obtain 
access to an enemy, in order to escape from an enemy, and for several other 
similar reasons (Eamilton 1914, Hofschlager 1925, Zuckerman 1929). Mating, 
however, is far less determined by psychological than it is by physiological factors. 

VII. PUBEBTY. 

In the lower inaunnal the first definite sign of puberty is the first oostrus. 
Apart from subjective symptoms, the first definite sign of puberty in women is the 
first menstrual flow. In monkeys the first sign of puberty is activity of the 
sexual skin, corresponding to the first mstrus of the lower niaminal. Thus the 
first effects of sexual maturity in both monkey and lower mammal are <lue to the 
follicular hormone mstrin. 

Little is known of pubei‘ty in the gorilla. Congo, the young female investigated 
by Yerkes, was approximatedy 6-7 years old when she diwd. She then weighed 
about 160 pounds, and ^‘each jaw cai ried two paii s of incisors, one pair of canines, 
and four pairs of molars ”(1928). One may tentatively infer from tliis description 
that the incisors were permanent, and that the third and fourth molars in each 
jaw were albO poiunanent, the first and second probably being milk molars. This 
female laid not menstruated. Yerkes, however, believes that she died just before 
puberty, 'flie chimpanzee is said to reach maturity between the ages of 8 and 12. 
Yerkos (1929), after critical examination of all available information, crime to the 
conclusion that the chimpanzee matures sexually slightly more rapidly than does 
man in tlie tropics.” The gibbon is said to become sexually mature when seven 
years obi (see p. 698), 

Tlie female oraiig, too, is believed to become sexually mature when about 
eight years old. 

The only publislied records of puberty in other sub-human primates refer 
to M, mulatta, Allen (1927) mentions reddening and swtdling of the sexual 
skin ii.s tile main sign of the onset of sexual maturity iu this species. He points 
out, moreover, that the first menstruation is not necessarily a sign of ovulation, 
as menstruation may occur without ovulation. He has also recorded the 
weights of three monkeys when they first showed these signs of sexual skin 
activity and when they first menstruated : — 

Soxual skill. Meust. 


N 3*51 kgms. 4*47 kgms. 

8 3*13 kgms. 3*13 kgms. 

B 2*9 kgms. 3*17 kgms. 


“ The first iiieusos in animals 8 and B followed in 6 to 10 days after the 
first appe^iraiice of reddening, while in N the first menstrual bleeding was 
delayed until more than 50 days after reddening first appeared.” 

Hartman’s views on puberty in the rhesus macaque have been noted on 
p. 703 and p. 719. There is no record iu his papers of the interval which elapses 
between the first appearance of sexual skin coloration and the first menses. 

The history of a female rhesus which died in the London Zoological Gardens 
about the time of her puberty is recorded on p. 719. 8he had probably never 
ovulated, and during the month iu the Gai'deiis did not menstruate. Her sexual 
skin had been active for over a month, and at autopsy a 3 mm. follicle was found 
in her right ovary. 

A record of puliei'ty in another rhesus macaque is incorporated in the account 
of Dr. 0. Dobell’s monkey given on p. 703. In this monkey the sexual skin 
became active one month before the first mensti-uation. 
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There are at present in the London Gardens two young female rhesus 
maca(|ues, the one (S) weighing 3*8 kg., the other (B. S.) 3*7 kg., both of whom 
iiave passed puberty (judged by the occurrence of menstruation and sexual skin 
changes). Both are in the same stage of dentition, which corresponds to that 
of a girl about eight years (the only permanent teeth which have erupted are 
all four incisors in the lower jaw, the two central incisors in the upper jaw, 
and the four iirst molars). 

Apart from these records of rhesus macaques, I have had the opportunity 
of making observations on puberty in a limited number of other sub-human 
jjrimates. A female chimpanzee (S), which arrived in the London Zoological 
(hardens on November 10th, 1927, began to show variations in the prominence 
of her perineal area in June 1929. Since then there have been from time to 
time perceptible differences, insufficiently marked to record, in the degree of 
turgidity of her perineal area. Her perinamm is permanently more prominent 
now than it was six months ago. Her weight on 20th January was 22*7 kg. 
Her dentition on that tlate was as follows : — all the permanent incisors and the 
first and second permanent molars in each jaw. Only one milk tooth remaining, 
a lower canine. 

A second chimpanzee (B), which arrived in the Gardens on August 27th, 
1927, has as yet shown no variation in the conformation of the perineal area. 
Her weight on the 20th January was 20*4 kg. Her dentition on this date was 
as follows : permanent teeth, four first mohii*s, lower central incisors, one upper 
central incisor cutting ; the rest of her teeth w(*re deciduous. 

A pig-tailed macaque, weighing o kg., first showed signs of activity of her 
sexual skin in January 1930. Menstruation has not yet occurred. All her 
permanent incisors and first and second molars have erupted. This is not the 
human oixlerof eruption, but the animal would correspond in age to a girl of about 
nine. 

The records of puberty in two mangabeys has been quoted on p. 701, In one, 
activity of the sexual skin was manifest for about one month, in the other, for two 
months, before menstruation occurred. 

A young drill, Mmulrilhis leucophaens^ first showed signs of activity of her 
l^iM'ineal area on tlie 27th November, 1929. Her weight on this date was 6*6 kg. 
Her teeth were deciduous except for ])ennanent first molars and permanent 
incisors, which had already erupted. Her sexual skin quickly renche<l a condition 
similar to that of the inangabey’.s when active (see p. 700), except for a slight 
groove between the clitoric and vulval portions. The true perina^um — ?. c., the area 
between the fourchette and anus —is most affected. The size of the entire swelling 
is approximately 4 inches long, 2^ inches broad, and about 1^ inches deep. It has 
varied slightly in size, but on the 30th January, 1930, was almost the same as in 
the first week in December 1929. According to a keeper, vaginal bleeding occurred 
on the 22nd of January. I was unable to verify this observation. 

These histories iinlicate that in the monkey sexual matui-ity begins with activity 
of the sexual skin. This activity does not attain adult proportions at once, and 
is maintained for one or more mouths. Menstruation follows usually after the 
sexual skin ha.s become inactive. The ovarian changes of puberty have not been 
investigated, but exteina.1 appearances suggest that more than one folljcle ripens, 
only to become atretic and to be followed by others. Whether ovulation invariably 
precedes the first iner\struation is unknown. 1'he cause of the ii*regularity of the 
earlier cycles is also unknown. 

Judging by dentition, piibeity is reached relatively earlier by the sub-human 
primate than by the human. 

VIII. Preonancy and Lactation. 

Apart from recent publications, the most valuable record of pregnancy in 
primates is Breschet's Gestation des Quadrumanes/ 1845. Breschet quotes from 
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a letter of Geolfroy-Saiiit- Hilaire the number of monkey pregiiaiioies that had 
occurred iu France up to 1845. According to the latter investigator it is impossible 
to iletermine accurately the duiutiouof pregnancy, as monkeys continue to copulate 
after conception, though usually not for long. “ Lorsque les femelles sontplcines, 
elles Hoiit beaucoiip inoins recherch^es des mHles, qui souvent ineme les repoussent 
et les maltraitent. 11 arrive alors tout naturellement que les femelles 6 vitent les 
mAles. Oe changeinent dans les habitudes des animaux et la non-r 6 ap 2 )arition 
des regies indiquent, longtomps avant le tl^velloppement du ventre, I’^tat de 
gestal.ion «les femelles.*’ According to Geoffroy-Haint- Hilaire gestation iu monkeys 
la.^ts ajiproxiniMtely seven months. 

Among more recent records of pregnancy and lactation in sub-human primates 
aretllo.^eof Porock (190(5 ), Von Allesch (1921 ), Montane (1915, 1928), Fox (1929), 
Lucas, Hume, and Smith (1927), and Jiartuiau (1928-1929). These will be briefly 
cousideretl. 

An oianggave birth to a male baby in tlie Piiiladeljdiia (hinlens on Sej)teniber 
25th, 1928 (Fox, 1929). Pregnancy was first suspected in January 1928. “ Early 

in March some slight swelling in the vulvar region was noted, and this remained 
stationary until during July, when it began to increase steadily.” Unfortunately, 
Fox dotjs not state whether the amount of swelling was equal to that which 
occurred in the non -pregnant condition. This female did not eat the placenta, 
though she lunl bitten into it. 

Fox also records the birth on October 1st, 1928, of a male chimpanzee in the 
same (ilardens. 'riie menstrual history of tlie motlier was a[) 2 >aiently unknown. 
In fact, she was not known to be pregnant. Like the oraiig, this chimpanzee did 
not eat the placentM ; nor did slie nurse her baby, which w^•^s renioved after two 
days and aitilici.dly fed. Four <lays after giving birth she copulated. Further 
reference to this .tnimal will be found on 2 ). (598, 

Tlie 2 ^oriod of gestation in tlie chimpanzee is 2 >i*obably nine months (Yerkes, 
1929). 

Montane’s record of [iregnancy has already been noted (p. (598). The chimpanzee 
(“Uueu.sa”) olKserved by him lost blood, without tho occurrence of 2 >u< 1 endal 
tnrgesceiice, sixteen days after delivery. The same fern de menstruated for the 
fust time eighteen months after 2 >&i’turitiou ; another chim 2 )anzee after twenty- 
one months. Montane notes that “ all signs of catamenia disa 2 ) 2 >eaivd during the 
last tlireo months of pregnancy ” in the female lilready mentioned on p. 698 
(Yerkes, 1929). Yerkes (1929) also quotes von Alh scli (1921) in siqqoort of the 
vdew that the chiin]»anzef‘ continues to menstruate during the early part of 
pregnancy. 

Yerkes records a remarkable observation, a 2 )parently on the authority of Madame 
Abreu. ITiough chimpanzees continue to co 2 )ulate during “ ft>llowing 

the birth of the young and until the baby is weaned and the 2 »roduction of milk 
ceases, there is no relation whatever between the animals.” This observation 
is supported by Bingham (1928). 

Lactation iu the chimpanzee lasts, according to Yerkes, “ perha 2 )S for a yetir or 
two”. This estimate is i^robably too short. An adult female orang wr.s 2 )urchiised 
by the Zoological Society of London on 21/1/28. When she arrived she was nursing 
a “ baby ” ; it was only on very rare occasions that the “ baby ” was seen outside 
her arms, ami he was usually sucking. Whether or not she was lactat.ing, it is 
impossible to tell. The “ baby ’* died of tuberculosis two months after its arrival. 
It had a com 2 >lete set of milk teeth and, in .addition, the flrst permanent 
molars. Fi*om analogy with the chimpanzee (Zuckerman, 1928) its age was flve 
or six years. 

It is significant that accounts of the pregnancies of at least two chim 2 )anzee 8 do 
not contain any reference to swelling of the sexual skin, which Fox describes in 
the pregnant orang. All published records of pregnancy and lacUition in anthropoids 
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are, however, ao vague and contradictory that no great value can be attached to 
any of the recorded “ facta ” 

A clearer view of pregnancy in sub-human primates can be obtained fx*om 
records of monkey births. 

Pocock (1906) writes that gestation in the Pig- tailed Macaque (Maccica 
trina) is '' not more than seven and not less than six months.” (This is the length 
of time gestation is said to last in almost all monkeys.) He records that menstru- 
ation did not occur during the pregnancy of a Pig-toiled Macaque, but does not 
note whether activity of the sexual skin continued. He does, however, mention 
tliat a male with wiioin she shared her cage did not copulate with her, and 
considers that the male monkey’s “ disregard for the pregnant female was due to 
her condition. This may have brought about some subtle change in her, a difference 
or deprivation of odour may be, which perhaps robbed her of an attractiveness she 
might otherwise bavo lield for him.” 1 myself have no doubt that this disregard 
was due to lack of activity of her sexual skin. This female did not devour the 
placenta after parturition. 

Pocock gives a rooonl of lactation in a macacpie lasting 7-8 months. The 
interval which elapses Viefore the young supplements its diet with solid food is, 
however, fai* shorter. 

Heape (1894) noted that the sexual skin of the rhesus maca<j[ue (M, mulatta) 
is highly coloured <luring pregnancy, and this observatioii has been corroborated 
by Hartman (1928 e), who writes that “a most brilliant sex color was also main- 
tained diu'ing the entire gestational period and for several weeks after parturition.” 
No mention is made of swelling. Fifteen gestations which have occurred in 
Hartman’s colony of rhesus macmiues varied fi*om 149 to 174 days in duration, 
the average being 164*3 days. It would seem that gestation is usually a few days 
longer in primipara tlian in multi para. 

Hartman has described in several of his papers “ the placental sign of 
pregnancy”. This consists of a “leakage of blood into the uterine lumen and 
thence into the vagina ” occurring “ from the thirteenth to the twentieth day 
after the as’^umed date of conception ” (1929 6), Corner draws attention (1923 a) 
to a similar occurrence in the human uterus in the early stages of pregnancy. 

Pregnancy is usually overlooked in monkeys unless close watch is kept for 
vaginal hiemorrhage. One morning in November 1928 a female rhesus in the 
London Zoological Gardens wius found dead. She had been perfectly well the 
night before. Death was due to haemorrhage from a central placenta prasvia, 
brought about by the opening of the internal os in the first stage of labour. (A 
full description of this monkey is in preparation.) Pregnancy had not been 
suspected. 

An adult female Pig-tailed Macaque, Macaca neme9trina^ in the London 
Gardens, gave birth to a baby on July 15th, 1928. Although neither swelling 
of the sexual skin nor irienstruation had occurred for some months previous to 
this (testimony of keeper), she was not considered pregnant. She had copulated 
frequently with an adult male of the same species, with whom she had been for 
seven months previous to parturition. They wei*e separated from each other on 
the day of the birth. The baby continued to suck for nearly a year, though it 
cannot be said for certain that the mother was lactatiiig for this length of time. 
Four weeks after his birth the baby began to eat solid food. 

On p. 706 T noted that the first signs of activity of the sexual skin of this 
female occurred eight months after the birth of her baby, and that she 
menstruated two months later. Since then she has had five cycles differiDg from 

* Savsgre and Wyman reported ^rineal swelling in pregnant and laotating chimpanzees 
(see p. 697). The “ folds ” they describe may well have b^n the “ residanm of swelling ” met 
with, for instance, in baboons (see p. 714). 
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each other in length and external signs (see Chart 3, p. 707). During the last cycle 
she probably became pregnant. Her sexual skin no longer becomes active. She 
continues, however, to copulate with her male. If she is pregnant it will be 
possible to estimate the length of gestation fairly accurately, for the last sub- 
sidence of swelling coincided with the rupture of the follicle whose ovum was 
fertilised (see p. 721). 

I have kept records of seven pregnancies in hamadryas baboons occurring 
during the past 2| years. 

The first is the female (M) noted on p. 711 . I did not record her pregestationa) 
menstrual history, and therefore cannot estimate the duration of her gestation. 
Her baby continued to suck for nine months. During pregnancy and lactation 
(except for one occasion) her sexual skin was inactive. 

Tiie second is a female (Sm.) wlio was observed through one cycle (I began to 
keep records during the stage of pudendal enlargement). After the subsidence of 
this swelling no further sexual skin activity occurred for approximately 9^ months. 
She gave birth to a male baby 185 days after the subsidence of swelling; as 
indicated on p. 721, one may infer that the ovum fertilised was the one liberated 
by the follicular rupture which coincided with the last observed subsidence of 
swelling. Ge.station therefore lasted 185 days — or perhaps one or two days less, 
as it is impossible to state whether the ovum was fertilised the day it was liberated, 
or a day or two later. With the exception of a slight degree of prominence of the 
preputiiii slieath towards the last few weeks (tliis was noted in two of the other 
pregnancies), the pudendum was at its most shrunken level throughout pregnancy. 
(TJiis was the condition observed in all these pregnancies.) The colour of the 
sexual skill varied. It was occasionally bright red. There was but little locbia 
after parturition. This female s baby died after 99 days, during which time the 
sexual skin was altogether quiescent. Ten days after its deatJi the sexual skin 
began to swell. No obvious bleeding preceded this swelling. 1 cannot, liowevcr, 
state definitely that none occurred (see (Jh.nrt 5, p. 712). 

The third is a female (Sc.) whose pregnancy, judged by the .ssune .standards, 
lasted 162 days. Her baby lived 64 days. Ten days elap.sed before tho sexual 
skin commenced to swell. This was not preceded by external bleoiling (see Chart 6, 
p. 712). 

The fourth animal (Ifa.) died on the 173rd day of her pregnancy (see Chart 7, 
p. 712). A full-term foitus was found in utero. A description of this animal will 
he submitted in another piiblicjition. 

The fifth (Sp.) gave birth after a pregnancy lasting 154 days. 'J'he baby died 
tlie day after its lairth. Her sexual skin began to swell 20 days after parturition 
(see Chart 8, p. 713). 

Pregnancy in the sixth (Scr.) lasted 171 days. Her baby died after 19 days. 
The sexual skin became active 1 1 days Jiitor its death (see Chart 9, p. 713). 

The seventh ( Wa.) is a female wdiose conception date — she is judge<l pregnant 
on the evidence of the other pregnancies, i,e. cessation of menstruation an<l non- 
occurrence of external changes— was 5th November, 1929. She is still pregnant 
(see Chart 10, p. 713). 

The average length of gestation in the five whose complete hi.stories are 
recorded is 169 days; the range 154-185 days. Tliese figures are remarkably 
similar to those of the rhesus macaque Hartman has recorded (p. 734). The five 
baboon pregnancies were altogether similar in their main features. TJie sexual 
skin was quiescent throughout gestation and for the duration of lactation, showing 
signs of activity from 10-20 days after suckling cea,sed. Tlie inference that may 
be drawn from these facts will be discussed below. In all the pregnancies that 
have occurred on the Monkey Hill since it was established in 1925, the placenta 
has been eaten. Copulation was observed very rarely — in some cases not at all — 
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during pregnancy. It has been observed no more frequently during lactation, when 
the .sexual skin is quiescent. 

On p. 705 1 recorded a pregnancy in a Matcctca radiatay owned by Dr. 0. Dobell, 
F.R.S. Furtlier details about this animal are as follows. Gestation lasted about 
150 days. After the first month of pregnancy she refused to copulate. The baby 
was born overniglit and found dead, attached to cord and placenta, next morning. 
The mother’s mammary glands did not enlarge until 24 hours later, and she had 
milk — in diminishing quantity — for about tliree weeks. The lochia continued for 
a week. The first time she copulated waa 47 days after the birth of her baby, and 
she menstruated 2 days after this. 

Details of pregnancy in the marmoset are noted on p. 717. Miss Hume also 
tells me that the time that elapses after parturition before a female wdll pair is 
variable. It has been observed after 23, 34, and 45 days. After a miscarriage 
only 12 days elapsed. Young marmosets begin to eat solid food when about 25 
days old, though they continue to suck for a much longer period. 

[t is generally believed that women may very occasionally continue to 
menstruate after the beginning of pregnancy, and it is said, on somewhat doubtful 
grounds, that inensti'uation is theoretically possible until the decidua eapsularis 
has developed sufficiently to fuse with the decidua vera over the wliole uterine 
cavity, that is, until the end of the third month. It is exceedingly doubtful, 
however, wlietlier the vaginal bleeding that is observed in pregnant women can 
ever be truly said to reproent normal menstruation. 

Both Montane and von Allescli have reported vaginal bleeding during preg- 
nancies of chimpanzees. Montana’s description, as already pointed out, is somewhat 
vague, and possibly faulty in certain respects. Yon Allesch’s observations appear 
more accurato, but confirmatory evidence is nect ssary before one assumes bleeding 
in pregnancy as a normal occurrence, or that it represents mensti ual hlecMling. 
Cuvier has also left a record of a macaque which “ menstruated ns late as three 
months before ]>arturitioti. These statements, however, are outweighe<l by 
Hartman’s careful observations. As has already been mentioned, Hartman found 
that the only bleeding in the pregnant mncjujuo was that occurring from the 1 3th 
to the 20th day from tlie assumed date of conception, and referred to as tlm 
“ placental sign Cyclical immstruation would therefore appear to be as ku[»- 
pressed during pregnancy in sub-human primates as it is in women. 

Because of Hartman’s records of the maintenance of sex colour throughout 
pregnancy in the rhesus macaque, it is impossible to tell with ceitainf\ whether 
or not all cyclical ovarian activity is then in abeyance. Tlie uniform maintenance 
of sex colour would, however, suggest uniform mst.iin secretion. This is in agice- 
ment with the fact that tlie body fluids of the pregnant lower mammal cont.aiii 
the hoi’inone in abundance. Parkes (1929) lias discussed this fact critically, 
suggesting that, in spite of the abundance of the follicular hormone <luring the 
luteal phase (pregnancy), tlie corpus luteum may still be dominant. ’J'lie follicular 
hormone, for instance, does not produce oestrus or abortion, or give any signs of its 
presence during pregnancy in the lower mammal. I n tlie pregnant rhesus macaque, 
however, it does lead to coloration of the sexual skin, thoiigli not cyclically as in 
the non-pregnant female. 

On the other hand, the pregnant or lactating baboon does not menstruate or 
show pudendal swelling— that is to say, the last subsidence of swelling which one 
observes previous to paidiurition represents the end of the baboon’s non -pregnant 
state or, alternatively, the beginning of her pregnancy. Almost certain proof of 
tin’s is that the duration of gestation in the baboon, estimated according to tliis 
basis, agrees closely with the duration of pregnancy in the rhesus macaque as 
estimated by Hartman by a different method (controlled matings .and vaginal 
smeai's). The follicular hormone, cestrin, does not, therefore, cause any change in 
the sexual skin of the pregnant balx>on apart from a slight colour change rlifficult 
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to estimate. It is therefore doubtful what significance must be attacheri to the 
reported occurrence of pudendal swelling in a. pregnant orang (Fox 1929. See 
p. 733). The fact that swelling does not occur in tlie pregnant baboon, though 
sexual skin colour may be intensified, is suggestive that these two characteristics 
vary independently of each other. This, too, was suggested by certain of Allen’s 
experimental findings (see p. 722). 

The problem of the occurrence of external changes due to the follicular hormone 
in the pregnant macaque is very complicate<l, and further data are essential before 
definite conclusions cnn be reached, ft is closely bound up with the problem of 
the significance of the occurrence of oestrin in all mammals during pregnancy. 
Moreover, the possibility that sexual skin swelling and sexual skin coloration vary 
independently of each other must be carefully investigated. ITartjnan, while he 
notes the reddening of the sexual skin of the pregnant rhesus monkey, does not 
mention swelling. 

The desire for copulation in the female is, as I have already noted, related to 
swelling of the sexual skin. Whilst sexual skin changes are in abeyance during 
pregnancy and lactation, baboons seldom copulate. Moreover, the greater number 
of accounts indicate that the same is true of most primates. Wlien copulation 
does occur during these phases, responsible factors may be unnatural conditions 
and confinement in pairs. Under natural circumstances copulation pro})ably takes 
place seldom, if at all, during these phases. 

Pocock writes (190(1) that “ devouring the placenta, by the mother seems to be 
the invariable rule in all species of Mammalia, with tlie exception of Man.” In 
this section I have noted all those instances where monkeys have been recorded as 
failing to do so. Such occasions, however, are rare compared witli those when tlie 
reverse happens. Nothing seems to be known of the rationale of this behaviour, 
blit the old suggestion that the placenta is a galactogogue is, as Hartman points 
out (1928 <?), fairly well founded. 

No external signs of the menstrual cycle are obvious while the baboon and 
pig-tailed macnipie continue to secrete milk. Lactation in the pig-tailed macaque 
lasts little more than six months. 

When lactat ion censes abruptly, for inst.'ince on the death of a bab}*^, or, wlien 
it does not begin at all, as when the baby is born dead or dies soon after birth, a 
short interval elapses before a menstrual cycle starts. This interval varies from 
10 to 20 days (p. 735). 

Fi’om all these facts one may infer that during ge.station and lactation in 
monkeys follicular changes are usually suppressed. AVhen Iheie is no functional 
need for the continuation of lactation, a. few days elapse before a menstrual cycle 
begins, with signs of activity of the sexual skin. 

IX. Changes in the Ovary and Actjessory Organs. 

(1) Ovaries and Uterus, 

Prom lleape’s classical studies of Pithecus entellus (s:^Semmpithecas erUellm) 
(1894) and M. umlatta ( = i/. rfiesus) (1896) one learns that the primate uterine 
cycle may be divided into the following stages ; — 

A. Period of llest. 

B. Period of Growth. 

0. Period of Degeneration, 

D. Period of Recuperation. 

During the period of rest, the mucosa, formed of a single row of cubical cells, 
is of “ remarkably even consistency throughout ”, The blood vessels in the mucosa 
ai e small. During the period of growth, the stroma gradually increases in density, 
the blood-vessels beneath the epithelium increase in size and number and become 
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more Congested, while the epithelium becomes thinner. In the period of degenera- 
tion the mucosa swells still further, the numerous and dilated blood-vessels in the 
comparatively open tissue beneath the epithelium rupture, the epithelial cells 
increase in size and degenerate, so that the lacunce formed by the rupture of the 
sub-epithelial vessels burst, and free blood fills the cavity of the uterus. Finally, 
“ all over the body and fundus of the uterus the superficial portion, about one- 
third, of the mucosa, including uterine and glandular epithelium, stroma and 
blood-vessels, is cast away.” The period of recuperation begins, before the 
menstrual clot is expelled from the uterus, with the reformation of epithelium, 
partly from the torn mouths of glands, and partly from the stroma cells. In this 
stage the blood -supply is reduced and new capillaries are formed. 

It is difiicult to gauge from Heape’s data the exact relationship of the o^^arian 
to the uterine cycle. Heape himself was mainly interested in the correlation 
between menstruation and ovulation. In all his monkey specimens he found only 
one instance where “ a recently discharged follicle was found in the ovary of a 
menstruating Macacus rAesiAs” (1896). He therefore considered the two |)rocesses 
to be distinct, though he remarked that during the pairing season “ ovulation may 
be more frequent, and may more often be coincident with menstruation.” He 
was able, however, to show definitely that there are cycles in wliich ovulation does 
not occur at all. The endoinetria of those animals in which he found ripe corpora 
lutea ha<l the appearance characteristic of the end of the period of growth and the 
beginning of the period of degeneration — periods which can to-day be referred to 
as the luteal phase of premenstrual congestion and the period of menstruation 
r aspect! vely. 

Yan Herwerden (1906) investigated the uterine and ovarian cycles in Maca>ca 
iru8 ( s= Cercocehus cynomolgos =: Macac m ct/nomolgo><) . Her results were rom a rkal )ly 
similar to those of Heape. 8he did not find, however, that the uterine epithelium 
was regenerated from stroma cells. She was able to demonstrate successfully that 
in cycles when ovulation did not oocuv premenstrual uterine changes were less 
marked than when it did occur. Moreover, she believed that the uteri in her 
collection in which menstruation liad occurred without ovulation, L e., uteri with 
low endometrium and short straight glands, were from animals killed in the non- 
breeding season. 

Both Heape and Yan Herwer<len chissified the material they investigated 
without reference to the stage of the cycle at which their animals had been killed. 
Corner (1923 6) was the first to study the ovarian and uterine cycles in animals 
which had been observed alive for some while and then killed at particular stages 
of the cycle. His observations on cycle lengths of M, mtdalla have been noted on 
p. 702. From a study of 11 monkeys he was able to show tliat “ macaques at times 
menstruate without ovulation.” When ovulation did occiu* it took place about 
12 to 14 days before the expected onset of menstruation. 'Ihe endoinetria of two 
monkeys, one killed 9 days, the other 18 days, after tlie onset of menstruation, and 
both showing retrogressive stages of the corpus luteum, and the endometrium of 
another monkey killed 12 days before the expected onset, and showing a very 
early corpus luteum, were all of the “interval” type — (Heape’s resting stage). 
The endometrium of a monkey killed 10 days before the expected on.set of 
menstruation and showing an almost completely organised corpus luteum was 
passing into the “ premenstrual ” type — Heape’s “ growth ” period — while that of 
a monkey killed 7 days before the expected onset and showing a solid coi])ii8 
luteum, was distinctly “‘premenstrual ” — i,c., “ the surface epithelium is high, the 
glands are distinctly spiral in form, there are marked secondary projections into 
the glands, the glandular epithelial cells are high and their surfaces frayed, 
and the basal glands are increased so much that the endometrium appears on 
section to be of spongy texture.” 

Corner notes that the endometrium of the animal killed 1 2 days before the 
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expected onset of menstruation » and just after ovulation had occurred — the ovum 
was found in the Fallopian tube — showed none of “the characteristic changes 
which mark osstrus ” in the pig, rat, mouse, or guinea-pig ; that is to say, there 
were no signs of endometrial degeneration such as vacuolar degenerations of the 
epithelial cells or an accumulation of leucocytes under the epithelium. This 
extremely important observation will be referred to again in the discussion at 
the end of this paper. 

The maximum size of the resting follicle of M. mulaUa^ is, according to Corner, 
1*5 to 2 mm.; that of the mature follicle 4 mm. In the lower mammal “the 
maturation of the follicle and its enclosed ovum. . . are terminal events, progressing 
with great rapidity in the Inst days or even during the last hours before rupture.” 

Six of Corner’s animals, though they were all killed within 17 days after 
menstruation, showed no signs of ovulation, either recent or impending. Three 
of these appeared “to have been menstruating with an interval endometrium.” 
Another, however, “ showed ti'aces of having passed through a premenstrual 
stage.” 

In 1927 Corner summarised the theory of the human reproductive cycle based 
on the work of Fraenkel, Hitschmann & Adler, Meyer, and 8chroeder. “ Ovulation 
is a periodic function occurring regularly at about the middle of the interval 
between two menstrual hemorrhages. It is followed by the development of a 
corpus luteiini at the site of the discharged follicle ; and this structure, acting as 
a gland of internal secretion, causes changes in the endometrium (the well-known 

* premenstrual ’ clianges first described by Hitschmann and Adler) by which it is 
prepared for implantation of the embryo. If the ovum is fertilized the 

* premenstrual ’ endometrium thus becomes the endometrium of early pregnancy. 
If, however, the ovum is not fertilized, the corpus luteum retrogresses, and at 
about the same time the * premenstrual ’ endometrium suddenly breaks down with 
resultant hemorrhage. Menstruation is on this theory merely a violent demolition 
of the ‘ premenstrual ’ uterine edifice, some days after the expected tenant (the 
embryo) fails to arrive. Each menstrual period is tbei'efore necessarily dependent 
on the occurrence of ovulation about two weeks before.” 

In this ])nper, however, Corner provides additional evidence that the previous 
occurrence of ovulation is not essential for menstruation. One animal (Macaque 
15) was foiind to be menstruating from a typical “ premenstrual” endometiium ; 
laparotomy bad shown that she had ovulated about fourteen days before. 
Another (M. 10), whose vaginal smear history w'rs identical with that of M. 15, 
was found to be menstruating from an “ interval ” endometrium ; this animal 
showed no signs that ovulation had occurred during the preceding two or three 
cycles. Laparotomies on other animals also showed that menstruation might occur 
without previous ovulation. “ Out of about twenty-seven cycles of which some- 
thing is definitely known, from autopsy or exploration, ovulation has occurred in 
seven only. . . . Histologically there are two types of menstruating endometrium — 
one showing ‘ premenstrual ’ changes, the other devoid of them, according to the 
occurrence or non-occurrence of ovulation twelve or fourteen days beforehand.” 

Corner’s findings have been confirmed by both Allen and Hartman. The 
recovery of shed ova by the former (1927, 1928c) “extends the range of the 
period in the menstrual cycle during which ovulation may occur to the tenth to 
the fourteenth day following the first day of the preceding menses” (1927). In 
Allen’s monkeys ovulation occurred in less than fifty per cent, of the observed 
cycles. On p. 719 I gave an account of some of Hartman’s observations on a 
monkey whose persistent sexual skin coloi'ation was found to be associated with 
a cystic follicle. Seven days after this follicle was artificially ruptured the animal 
menstruated from an “ interval ” endometrium (1928 a). 

Allen has made extensive studies of the efi'ects of the follicular hormone, 
CBStrin, upon the endometrium. The cervix of a spayed female under the influence 
Pboo. Zool. Soo,— 1930, No. XLYllI. 48 
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of injected oe^trin increases enormously in size relative to the control cervix of a 
spayed female, and its glands become heavily infiltrated with leucocytes. A 
corresponding amount of growth is induced in the body of the uterus of a spayed 
female. Leucocytes are rare in the stroma and apparently not met with under 
the epithelium. However, even though the glands in some regions had ** begun 
to assume the tortuous corkscrew appearance interpreted in the premenstrual 
uterus as a sign of growth,” the largest amount of growth induced was only 
“ equal to the normal just after ovulation” (1927). “Even after long series of 
injections, however, it was not possible to obtain full premenstrual development 
of the endometrium” (1928 d!). Following the cessation of injections the uterus 
soon diminishes in size, in five days approaching in size that of the control spayed 
female. The similar result obtained by liobertson (1929) with a combination of 
cestrin and corpus luteum extracts has been noted on p. 719. 


(2) T/ie Vagina. 

According to Corner (1923 h) there is in J/. mxdaita a tendency to “a cyclic 
variation of the vaginal contents, although far less sharply defined than that seen 
in rodents.” In the first half of the cycle there are relatively few epithelial cells 
and relatively more leucocytes. About the middle of the cycle leucocytes diminish 
in number. They sometimes reappear a few days later, but “more often they 
were absent until the onset of menstruation or a few days before.” They were 
always present during menstruation. In the latter half of the cycle, “ wlien the 
leucocytes were few or absent, there was usually an increased desquamation of 
epithelial cells,” Corner correlates the drop in the leucocyte count about the 
middle of the cycle with the occurrence of ovulation at that time, and compares 
this with the similar absence of leucocytes in the mstrous smear of the rodent. 

The source of the leucocytes in the vaginal secretion is the cervix uteri and 
the upper vaginal epidermis. The mucosa of the uterus proper is not involved. 

The vaginal smear records of two of Corners monkeys (macaque 15 and 
macaque 10) were identical, even though the one was undergoing cycles with, and 
the other without, ovulation (1927). 

Allen (1927) obtained results similar to those of Corner with the same species 
of monkey. “ During the latter half of the second and third week of the cycle 
the epithelial elements were present in greatest numbers and often completely 
cornified ; non -nucleated cells appeared at these times. Leucocytes were present 
in greatest numbers before, during and after menstruation, and in least numbers 
or absent between the tenth and the twentieth to twenty-fourth day of the shorter 
cycles.” Injection of oostrin into spayed females resulted in “ decrease in number 
and final disappearance of leucocytes and increase in the number of epitlielial 
cells typical of the interval in normal cycles.” “ Extreme ” growth is induced in 
the vaginal wall, and cornification may be produced. Ijeucocytes reappear in the 
vaginal contents a few days after cessation of injections, having infiltrated 
the stroma. 

Considering that Corner has stated the source of the vaginal leucocytes to be 
both the cervix and the upper vagina, it is difficult to understand why cestnn 
injected into a spayed female should produce a heavy leucocytic infiltration in the 
cervix (see above) and at the same time a disappearance of leucocytes from 
the vaginal smear and from the vaginal wall. 

Hartman (1928 e) has employed the vaginal smear technique in estimating the 
fertile period of the cycle for mating experiments, and has found that the most 
fertile stage occurs before the leucocyte count has reached its minimum. 

In 1928 (/) he discovered that a small number of red blood cells may be 
recovered in lavages made from the macaque vagina at times other than 
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menstruation ^ These cells could only be recovered between the eleventh and 
eighteenth day of the cycle. “The blood could hardly originate, as in dogs and 
cows in the pmoestruni, from a congested uterus, since the red blood cells were 
recovered only for a very short time — one or two or at the outside three days — 
whereas the premensti'ual congestion increases progressively towar<ls the suc- 
ceeding menses. This leaves only one other important event occurring in the 
interval, namely, ovulation.” Laparotomies were made on two females mated at 
the fertile period of the cycle, judged by leucocyte counts and sex colour. In one, 
red blood corpuscles were found in the vaginal smear. Laparotomy showed a 
recent rupture. In the other none were found, fisparotomy showed that she 
had not ovulated. Hartman therefore concluded that the erythrocytes were 
derived from the slight hemorrhage accompanying ovulation. In a later publication 
(1929 c), however, he reconsidered this view and stated that “ the intermenstrual 
bleeding is uterine and not ovarian in origin.” More than 75 per cent, of 105 
menstrual cycles observed at a favourable time of the year showed this “ interval 
bleeding”. Twenty-three additional laparotomies are described in this paper. 
Two of these, though performed oh females with red blood corpuscles in their 
vaginal smears, showed neither a corpus luteum nor a large follicle in either ovary. 
According to Hartman, these two cases “ are therefore exceptions to the rule ” — 
i.e, intermenstrual bleeding is associated either with recent ovulation or the 
presence of a ripe follicle. Hartman also notes in this paper that “ mid-interval ” 
Ideeditig may be found ah any time from the seventh to the eighteenth day of the 
cycle, and that it may last for a considerable time — in one monkey it lasted from 
the eighth to the eighteenth day. Tiiese facts strongly suggest that the bleeding 
is not ovarian in origin ; they do not, however, prove that it is uterine. Further 
reference will be made to this problem later. 

I attempted to follow the vaginal cycles of an Anubis Baboon (P, anuhis) and 
a Yellow Baboon (/^ cynocepJidlm), Smears were obtained through the wire of 
their cages on alternate day.s without restraining the animals in any way. 

As 1 mentioned on p. 729, the keeper who obtained these smears usually found 
that the animals would not allow the passage of a spatula during the resting stage 
of the sexual skin in the latter half of the cycle. After about IJ months they 
refused to “ present” even when their sexual skins were swollen. 

Enough smears were made, however, to show tlmt the vaginal cycle of the 
baboon is similar to tliat of the macaque. Leucocytes are usually absent altogether 
about the middle of the cycle, and appear a few days after the subsidence of 
pudendal .swelling. They are present during menstruation and during the early 
part of the phase of pudemlal swelling. Epithelial desquamation is greatest about 
the middle of the cycle when leucocytes are absent. Non -nucleated epithelial 
cells are then ntimevous. 

The vaginal cycle of an Abyssinian Cercopithecjiie {Vercopitheens cethiops) was 
followed for nine months. Smears were made approximately every .second day. 
I’he vaginal changes in this animal are the same as in the Rhesus Macaque. 
Leucocytes are most numerous before, during, and after menstruation, and 
frequently entirely disappear from the smear about the middle of the cycle. 
Epithelial desquamation is greatest at that time, and non-niicleated epithelial cells 
numerous. 

Red blood corpuscles were not seen in any of the smears of these tliree 
monkeys except at the menstrual periods. 

( 3 ) The Mammary Glands, 

The normal cycle in the primate mammary gland does not appear to have been 
investigated. Allen (1927) has shown that cestrin injected into spayed females 

^ There is no record of any similar finding in Allen's or Comer's work ; their vaginal smear 
teohniqne was, however, different. 


48 * 
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produces marked growth, branching of ducts, and increase in the number of 
alveoli. The same result is obtained with immature females (1928 e). 

X. Discussion. 

Various attempts have been made to explain the primate menstrual cycle 
and to homologise it with the mstrous cycle of other mammals. 

The clinical view of the human cycle that women menstruate because they 
do not conceive” is explained fully in the quotation from Corner on p. 739. 
Though it depends for its support upon recent work, it is by no means new, for, 
according to Marshall (1922), it was expressed at least as early as 1871 by 
Sigismund. One of its main limitations, as Corner pointed out, is timt it conflicts 
with the fact that menstruation may occur, in both monkeys and women, without 
the previous occurrence of ovulation and the consequent formation of a “ premen- 
strual ” endometrium. An equally serious limitation is its complete disregard 
of the occurrence of a follicular phase in the cycle. The follicular hormone mstrin 
occurs without any doubt in the human ovary and placenta (Allen, Pratt, and 
Doisy, 1925). No theory which ignores its occurrence can be sound. 

On the other hand, Heape s view (1894, 1900) that menstruation is the same 
as the pro'oestrous destruction which precedes cestrus in the bitch is equally 
untenable, since it completely neglects the occurrence of a luteal phase in the 
human cycle. (The luteal phase or pseudo- pregnancy, was, of course, not recog- 
nized in the cycle of the bitch until 1909, when it was described b}^ Keller.) 

Heape identiHed the pro-cestrous growth in the bitch uterus with the growth- 
phase of the monkey endometrium, and the pro mstrous degeneration of the hitch 
with menstruation. This homology he described as “absolutely certain (1900). 
The oestrus which follows pro-oestious degeneration in the hitch was parallelecl by 
a period of heightened desire which, according to Heape, many women experience 
after menstruation. 

Marshall (1905) at first accepted Heape’s interpretation. Later (1917), how- 
ever, after a study of the post-mstrous changes in the non -pregnant bitch, he 
modified Heape’s interpretation, writing that it seemed possible “ to regard 
menstruation in Man as representing pseudo-pregnant destruction as well as pro- 
oBstrous degeneration.” 

He reiterated the same view in 1922. “It is possible . . . that in Man the 
breaking-down stage represents pseudo-pregnant degeneration as well as pro- 
OBStrous destruction owing to the two processes having become telescoped into one 
another as a consequence of the shortening of the cycle.” He discussed the 
problem more fully in 1927. After referring to Heape’s view tiiat menstruation 
in the Primate represents pro-cestrous desti uctioii in the bitch, he continues: — 
“ The most recent observations have shown that ovulation in Man takes place 
on or about the fourteenth day after the beginning of the menstrual flow, and that 
from that time onwards till the end of the cycle the uterus undergoes growth - 
changes comparable to what occur in the lower mammals during the abbreviated 
pseudo* pregnancy. . . . Degeneration of the corpus luteum is seen on the last day 
of the cycle — that is, the day before the beginning of a new menstrual discharge. 
These facts point to the conclusion that the menstrual discharge may take place 
(partly, at any rate) as a result of the regression of the corpus luteum. . .' . During 
the pro-oBstrum in the bitch . . . the growth of the endometrium is slight as com- 
pared with the hypertrophy which takes place in the premenstrual period in Man. 
These fauts, taken in conjunction with the observation that the bitch experiences 
pronounced pseudo-pregnant hypertrophy in correlation with the development and 
persistence of the corpora lutea at a later stage in the cycle, indicate that the 
prooBstrous processes in the bitch represent something less than the complete 
menstrual phenomena in Man, . . , Heape had previously shown (1897) that 
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menstruation may occur in the monkey without being in any way associated with 
ovulation. In such cases the menstrual phenomena are probably to be regarded 
as purely pro-oostrous in character, and comparable to the congeetion and bleeding 
which occurs at the beginning of the heat period in the bitch *. Moreover, it seems 
likely that the menstrual processes in Man may in certain individuals be of 
a similar character. On the other hand, in most individuals, both with monkeys 
and Man, whereas the constructive changes (which have been described as usually 
occurring in a marked manner) represent an abbreviated pseudo-pregnancy, it is 
probable that the destruction which supervenes is the equivalent of pseudo- 
pregnant and pro-mstrous degenemtion telescoped into one period owing to the 
shortness of the cycle.” He concludes, ** The natural inference is, therefore, that 
the menstrual discliarge in Man and monkeys represents pro-oostrous destruction, 
often accentuated (as above suggested) by pseudo- pregnant degeneration.” 

Clearly, therefore, Marshall looks upon menstruation as representing the 
breakdown of the pro-oestrous growth which heralds the succeeding ovulation com- 
bined with (in his words “telescoped into”) the breakdown of the pseudo-pregnant 
growth which followed the preceding ovulation. 

This view is open to at least one very serious criticism. It has been shown 
clearly in the present paper that the follicular phase (pro-cestrus) in primates 
extends throughout the earlier half of the cycle. According to Marshairs theory, 
however, this phase comes to an end at the very beginning of the cycle. Moreover, 
according to Marshalls view, an interval of about ten days at least must elapse 
between the end of pro-oestrus and the ovulation of which it is the forerunner : 
this is extremely improbable. Nevertheless, as 1 hope to show' later, menstruation 
may represent both pro cestrous degeneration and pseudo-pregnaiit destruction, 
though not combined in the manner suggested by Marshall. 

Allen (1927) has suggested that “menstruation is due to an absence of follicular 
hormonal stimulus after the hormone has been acting for a certain period of time.” 
He found that double ovariectomy performed on M, mvXatta towards the end of, or 
immediately after, the follicular phase of the cycle (as judged by the colour of the 
sexual skill) was followed by “apparently typical menstrual bleeding” five to 
thirteen days before the expected onset of menstruation t. He explained the fact 
that in monkeys menstruation is normally delayed for some two weeks after 
ovulation as being due to the possible continued secretion of cestrin by the corpus 
luteum. He also suggested that the secretion of the follicular hormone by the 
placenta and its continued action explain the absence of menstruation during 
pregnancy. In short, he assumed that the follicular hormone is responsible for all 
the changes of the menstrual cycle and for those of pregnancy. 

There are several objections to this point of view'. As Parkes points out (1929), 
it is “ unlikely that the corpus luteum itself, an organ w hose development is always 
associated with the absence of oastrus, would produce the cestrous hormone.” 
Furthermore, it is a fact that the appearance of the next menstruation is not 
hastened in those cycles in which ovulation does not occur, and in which, therefoi'e, 
no corpus luteum is formed. Also it is now known that ovarian and indirectly 
uterine periodicity is under the control of the anterior pituitary, which acts upon 
the uterus through the ovaries (see Parkes, 1929, and Fee ik Parkes, 1929). When 

* Italics onra. 

t Allen also cites a case where, instead of ovariectomy, an ovary was pierced and aspirated on 
the 16th day of the cycle, leading to the appearance, on the 6th day after the operation, of bleeding, 
which lasted 6 days. He assumes that menstruation was hastened by the operation. This is, 
however, doubtfuL 

The length of the operative cycle was 22 days. The same animal had previously experienced 
normal cycles of 25 and 26 days, and, following '^e operative cycle, went through cycles of 18, 19, 
and 20 days’ duration. As almost all observers have recorded normal cycles in JM. mulatta as short 
as 22 days, and as this animal of Allen’s experienced normal cycles almost equally short, it cannot 
be said that the injury to the ovary hastened the appearance of menstruation. 
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the latter are removed, therefore, the normal regulation of the cycle is disturbed, 
and the results obtained from an ovnriectomised animal may not be at all com- 
parable with tile events of a normal cycle. Moreover, Allen’s own observation 
that (Bstrin alone is not suiHcient to induce premenstrual growth of the endo- 
metrium (see p 740) indicates that cestrin is not the sole controlling factor of the 
menstrual cycle. He himself admits later (1928(Z) that perhaps additional 
hormonal stimulus (either in amount or in time) or some other hormone qualita- 
tively difiercnt, possibly from tlie corpus luteum, may be required ” to produce the 
premenstrual endometrium . 


Diagram 2. 



solid lines : growth and involution of the ondometriuin. Bottom lines (dotted) : growth and 
decline of the graafian follicle and the corpus luteum.” This figure has been reproduced by 
kind permission of Dr. C. G. Hartman, from his paper “ The Homology of Menstruation ” 
(1929 c). It may bo noted that while Hartman records in this chart that “ Hypertemia and 
Hemorrhage ” occur at the time of ovulation, he does not indicate any endometrial degenera- 
tion occurring at this time. It is usually stated, however, that endometrial degeneration 
does occur at the time of ovulation (see, for instance, Corner’s remarks on this point, p. 739 
above). 

Hartman 1ms offered an interpretation of the menstrual cycle (1929 c) which 
depends upon the occurrence of interval uterine bleeding. “Ovulation takes place 
almost exactly in the middle of the menstrual cycle, counting from the first 
appearance of the menstrual fiow. Under the infiuence of the expanding Graafian 
follicles, growth of tlie endometrium is initiated and congestion produced, resiilting 
in slight extravasations of blood into the mucosal stroma and probably diapedesis 
into the uteiine cavity. After ovulation, under the influence of the corpus 
luteum, the premenstrual growth and swelling of the endometrium take place. In 
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the absence of fertilization of the ovum^ and on the consequent degeneration of the 
corpus luteum, the hypertrophied functionalis desquamates and the menstrual 
liemorrhage results.” Upon this view the menstrual cycle is directly homologous 
with the phases of the oestrous cycle of the bitch (see Diagram 2) — the “ inter- 
menstrual bleeding” being the “homologue of pro-cestrum in the dog 

There are, however, objections to this interpretation. As already pointed out 
(p. 741), the fact that interval bleeding does not appear to he of ovarian origin 
<loes not necesanrily prove that it is uterine. A serious objection to the view that 
it is uterine is the fact that histological studies of the endometrial changes of both 
women and monkeys have failed to reveal any uterine bleeding or degeneration 
occurring at any time other than at the true menstrual periods. Corner particu- 
larly notes that the endometrium of a monkey which has just ovulated showed 
none of the degenerative signs that mark oestrus in the lower mammal (see p. 739). 
Apart, however, from this conflicting evidence, Hartman’s interpretation of the 
menstrual cycle in no way explains menstruation when ovulation has not occurred, 
i.e. menstruation at the proper cyclical period from an interval endometrium. 
Moreover, on p. 706, 1 noted a c>cle in]a Pig-biiled Macaque in which menstruation 
occurred at its expected time in spite of the persistence of swelling in the animaTs 
sexual skin. This evidence of the maintenance of follicular chunges throughout 
the cycle directly conflicts with Hartman’s suggestion that the follicular phase ends 
with endometrial bleeding in the middle of the cycle. The origin and significance 
of the interval erythrocytes found by him have yet to be ex]>lained. 

In 1929 J suggested an interpretation of the primate menstrual cycle which 
seems to bo in closer agreement with the established facts than are any of the 
theories discussed above. According to this interpreUition, menstruation in cycles 
in which ovulation occurs represents a delayed breakdown of the pro-mstrous 
growth which heralds ovulation, combined with the breakdown of the psendo- 
pregnant growth which follows the same ovulation (see Diagram 3 C). In cycles 
in which ovulation does not occur menstruation lepresents only the delayed 
degeneration of the pro-mstrous endometrium (see Diagram 3 B), 

Certain facts are especially significant. 

It has been noted above that sexual skin changes in the sub-human primate are 
controlled by the follicular hormone, cestrin. Moreover, the regeneration of the 
endometrium following menstruation and its ti’ansition to the “interval” type of 
ernlometriuiTi is comparable to the pro-oestrous gro>vth which occurs in the lower 
mammal. It is clear, however, that neither the sexual skin changes nor the 
uterine cycle are directly dependent upon the morphological ovarian cycle, viz. the 
maturation and rupture of follicles : for in those cycles in >vhich ovulation does 
not occur, signs of sexual skin activity nevertheless disappear about the middle of 
the cycle, and this is followe<l, after an interval of approximately fourteen days, by 
a normal menstruation from an interval endometrium. There is evidence, too, 
that the follicular hormone is active throughout the entire cycle. In the Pig-tailed 
Macaque, noted on p. 706, the action of cestrin was evidenced throughout an entire 
cycle in the activity of the sexual skin : yet this cycle was normal as judged by the 
time of menstruation. Moreover, a cycle in which no ovulation occurs consists of 
a follicular phase only, as no corpus luteum is developed : yet the pro mstrous 
endometrium does not immediately degenemte after the apparent withdrawal 
of the (Bstrous stimulus (as judged by the sexual skin changes) at about the middle 
of the cycle. It pei'sists as an interval endometrium for about two weeks, until 
menstruation occurs at the same time as in cycles with ovulation. Now it 
is known that in lower mammals diflferent amounts of restrin are necessary to 
produce oestrous changes in different parts of the generati^^e tract — far less cestrin 
is necessary, for instance, to produce cornification in the mouse vagina than is 
necessary to produce pro-cestious changes in the mouse uterus (see Parkes, 1929). 
A similar difference in the effects of oestrin on different parts of the generative 
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Diagram 3. 

Pseudo pregnant 
Endometrium 




Premenstruai 

Endometrium 



Diagrammaiio representation of the endometrial ohanges in the oestrons cycle of A, the dog : 
B, the primate (cycle without ovulation) t €, tiie primate (cycle Vv ith ovulation). 
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tract probably occurs also in the Primates. The independent variation of the 
coloration and the svtrelliiig of the sexual skin of M. mulatta is almost certainly due 
to variation in the amount of OBstrin secreted (pp. 722, 737). It is conceivable, 
thei*efore, that diiferent amounts of cestrin are required to cause sexual skin 
activity on the one hand and uterine changes on the other. One cycle of the 
Pig-tailed Macaque, noted on p. 706, strongly suggests this. Her sexual skin 


Diagram 4. 
A. 



B 



Diagrammatio representations of the phases of the primate menstrual cycle. Unbroken line : the 
variation in the effects of the follicular hormone. Broken line : the variation in the effects 
of the corpus luteum. A. Cycle in which ovulation does not occur. B. Cycle in which 
ovulation occurs. 

remained almost quiescent throughout an entire cycle : yet uterine changes had 
evidently taken place, for she menstruated at the normal time. 

The sequence of events in the primate menstrual cycle appears, therefore, 
to be as follows : — 

(Sstrin is secreted in increasing quantity throughout the earlier half of the 
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cycle (see p. 722). It produces changes in the sexual skin, growth in the endo- 
metrium (not exceeding the amount chai'acteristic of the interval ” stage), and 
growth in the mammary glands. At about the middle of the cycle the amount 
secreted abi-uptly diminishes. Sexual skin changes disappear, but it would seem 
that suificient hormone remains operative to maintain the interval endometrium 
unchanged for a further two weeks, until the cycle ends with menstruation. The 
post-menstrual growth of the endometrium and its transition to the interval ” 
stage is thus comparable to the pi*o-oestroiis growth which occurs in the lower 
mammal. If ovulation does not occur, no further growth takes place in the endo- 
metrium after the middle of the cycle : the animal menstruates a fortnight later 
from an “interval^* endometrium which has been produced, and presumably 
maintained, by the follicular hormone. When ovulation occurs (at about the 
middle of the cycle) the subsequent development of a coi'pus luteum determines 
a further growth-phase, which is superim|)osed on the follicular interval endo- 
metrium. The uterine mucous membrane now becomes premensti iial in type. 
If conception has not occurred, the corpus luteum retrogresses about fourteen days 
after ovulation, and the ‘^premenstrual’’ endometrium breaks down. In the 
ovulating non-pregnant female primate, therefore, menstruation represents both 
pseudo-pregnant destruction and a delated pro-mstrous degeneration. 

According to this view, the main difference between the menstrual cycle of the 
primate and the oestrous cycle of the lower mammal lies in the distribution of 
their respective follicular phases. It is generally believed that in the bitch, for 
instance, the follicular phase ends abruptly with pro-cestrous destruction, and that 
it does not extend into the ensuing luteal phase (see lowest section of Diagram 2) 
The pseudo-pregnant endometrium is built u]), under the infiueuce of luteal 
hormones, from an endometrium that has undergone degeneration as a result of 
the removal of the stimulus of the follicular hormone at ovulation. On the 
other hand, the follicular phase of the primate cycle, thougli its main effects 
occur in the earlier half, is prolonged over the entire cycle, and pseudo-piegnant 
growth is superimposed upon a persisting pro-cestrous endometrium (see Diagram 
3 B and 0, and Diagram 4). 

If this interpretation be correct, the differences in sexual behaviour between 
the Primates and the lower mammals are only reflections of their different sexual 
physiological mechanisms. The matings of the lower mammal are confined to 
short periods circumscribed by activity of the follicular hormone. The matings of 
the primate are diffused over the entire cycle, paralleling the continued action 
of the follicular hormone, but varying in frequency according to the varying 
degrees of activity of that hormone. 


Summary. 

(1) No definite statement can as yet be made about the breeding habits of any 
sub-human primate. New World monkeys are said to breed during special seasons. 
Certain Old World monkeys are said to be fertile in their natural habitat at all 
times of the year. Other Old World monkeys, on tlie other hand, are said to give 
birth during only one period of the year, though it is known that the non-pregnant 
female experiences an uninterrupted series of menstrual cycles thr,oughout the 
year. It is believed that these monkeys ovulate only during limited seasons. 

(2) All female Old World primates experience approximately four-weekly 
menstrual cycles. Many of them manifest cyclical changes, varying in degree, in 
the colour and form of the external pudendal organs and the akin adjacent to them, 
an area known as “ the sexual skin.” These changes are shown, for instance, by 
the Chimpanzee, Orang, Ceroopithscus talapoin, all the species of the genus Cerco- 
cebusy most of the species of the genus Macacay and all the species of the genera 
Papio and MandnUus. The sexual skin becomes active immediately after the 
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onset of menstruation, and reaches its maximum of activity before tlie middle of 
the cycle. Shortly after the middle of the cycle the sexual skin suddenly resumes 
its quiescent appearance, in which condition it remains until the onset of the next 
catamenia, when it again becomes active. 

So far as is known, New World monkeys do not undergo menstrual cycles. 

(3) The causation of the cyclical change in the sexual skin of M, mulatta has 
been investigated mainly by Allen, who has shown that activity of the sexual skin 
is dependent upon activity of the follicular hormone, mstrin. The natural cyclical 
activity of the sexual skin of AT. imilaita is the result of the stimulus of the 
follicular hormone, which becomes operative at the beginning of the menstrual 
cycle, with the beginning of follicular growth, and which ceases usually about 
the middle of the cycle. Ovulation, when it occurs, happens about the middle 
of the cycle. A similar relationship between sexual skin activity and the time 
of ovulation exists in P. 2>orcariu8. Activity of the sexual skin is thus part of 
the follicular phase of the menstrual cycle. 

(4) Primates that show marked cyclical changes in the sexual skin are more 
active sexually than those that do not. Monkeys that copulate in captivity do so 
at all times, hut copulation occurs most frequently during the period of maximum 
sexual skin activity. Ovulation occurs, if at all, about the end of this period. The 
“heat” period of the primate, therefore, has the same biological signilicance as the 
“ oestrus ” of the lower mammal, f. 6. mating occurs most frequently when it is 
likely to he fertile. 

(5) Puberty in monkeys begins with activity of the sexual skin. The sexual 
skin remains active for about a month and then resumes its inactive appearance. 
Menstruation follows soon after it has become inactive. Sub-human primates 
become sexually mature soon after the permanent incisors have erupted, that is. 
at a stage of growth correspomling approximately to a girl of seven or eight. 
Pregnancy has been reported in a chiinjianzee whose permanent canines had not 
erupted, L e, when the chimpanzee was about ten years old. 

(6) Pregnancy in the chimpanzee is said to last nine months. The duration 
of gestation in tlie rhesus macaque is said to be fiom 149 to 174 days, the average 
being 164*3 days. In the llamadryas baboon pregnancy lasts from 154 to 189 
days, the average duration being 16i) days. 

Swelling of the sexual skin does not occur during either pregnancy or lacta- 
tion in the baV)OOii, pig-tailed macaque, and chimpanzee. On the other hand, the 
sexual skin of the pregnant and lactating rhesus macaque is higldy coloured. 
Under relatively natural circumstances the usual absence of sexual skin changes 
is reflected in behaviour, for pregnant and lactating monkeys seldom copulate. 

(7) Ovulation in the monkey occurs about midway l^tweeii two menstrual 
periods. Monkeys, however, do not ovulate every cycle. 

(8) After menstruation the destroyed endometrium is regenerated, and by the 
middle of the cycle is of the “ interval ” type. The endometrium is low and tlie 
glands are short and stmight. If ovulation does not then occur, the endometrium 
remains in this condition for about another two weeks and then breaks down. 
Menstruation in cycles without ovulation therefore takes place from an “ intei val ’’ 
endometrium. If ovulation occurs, the subsequent development of a corpus 
luteum is paralleled by further growth in the endometrium, which becoineA 
“premenstrual” in type. The endometrium is spongy and deep; the blood- 
bupply is increased ; the glands are tortuous and the basal glands are increased ; 
the surface and glandular epithelium is high. If the ovum is not fertilized, the 
“premenstrual” endometrium breaks down about two weeks after ovulation. 
Menstruation in cycles with ovulation therefore takes place from a “ premenstrual ” 
endometrium. 

(9) The rhesus macaque, the Anubis and Yellow baboon, and the Abyssinian 
ceroopitheque show the same cyclical vaginal changes. Leucocytes ai-e usually 
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absent from a vaginal smear about the middle of the cyclO) and most numerous 
immediately before, during, and after menstruation. E])ithe]ial desquamation is 
greatest about the middle of the cycle. 

(10) The follicular phase of the primate menstrual cycle, though its main 
effects occur in the earlier half, as in the oestrous cycle of tlie lower mammal, 
is prolonged over the entire cycle. Cycles without ovulation consist of only a 
follicular phase. When ovulation occurs, a luteal phase is superimposed upon 
the latter half of the follicular phase. In the lower mammal (e, bitch) the pseudo- 
pregnant endometrium is built up under the influence of luteal hormones from an 
endometrium that has undergone degeneration as a result of the removal of the 
stimulus of the follicular hormone at ovulation. In the primate, on the other 
hand, pseudo- pregnant growth is superimposed upon a pro-mstrous endometrium. 

It is here suggested that in the ovulating non -pregnant female primate, men- 
struation represents both pseudo- pregnant destruction and a delayed pro-cestrous 
degeneration. In the absence of ovulation, menstruation represents only delayed 
pro-oestrous degeneration. 
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Prof. G. Elliot Smith, F.R.S., and Prof. J. P. Hill, F.II.S , of the Institute 
of Anatomy, University College, London, and by Sir Peter Chalmers Mitchell, 
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Explanation of tnb Charts. 

Chart 1 and Charts 8 to 14 are diagrammatio representations of the menstmal histories of 
thirteen monkeys over a period of almost a year. The oorves indicate tiie dc^r^ee oi 
activity of the sexnal skin. Chart 2 (p. 704) is a growth curve of a Maeaca mulatta 
( = Maeacvs rhsaui). 

Chart 1 ^p. 701). The menstrual cycles of a Cartoeebus albigena. The days in which vaginal 
bleeding was, observed are in^cated in black along the l^se-line. 

Chart 3 (p. 707). The ** menstrual history ** of a Mcusaca nemestrina. Only the first day of each 
period of bleeding is indicated on &e base-line. 

Charts 4-12 (pp. 712-718). The '* menstrual histories * of nine Hamadryas Baboons, Papto 
hamadryaa. Only the first day of each period of bleeding is indicated on the base-line. In 
all cycles swelling of the sexual skin has been indicated, for the sake of uniformity, as 
beginning on the second day of the cycle. As explained in the text (see p. 711), swelling 
becomes notioable as a rule anytime between the first and fourth days of the cycle. Those 
parts of charts 6, 10, and 14 drawn in broken-line represent periods when observations 
were not made. The curves for these periods have been constructed according to the 
general plan of the observed cycles. 

Chart 18 (p. 715). The menstrual cycles of a Papio anubia. Explanation otherwise as in Charts 
4-12. 

Chart 14 (p. 716). The menstrual cycles of a Papio cynocephahu. Explanation otherwise as in 
Charts 4-12. 

[More cycles are indicated in these charts than are considered in the text.] 


EXPLANATION OP THE PLATES. 

Plats 1. 

Longitudinal section of the body and part of the cervix of the uterus of Maeaca mdtafa, 
showing the nature of the cervical mucous membrane. 

Plats H. 

Section of left ovary of Papio hamadryaa (C. 12), showing a recently ruptured follicle. 
The central cavity is filled with a coagulum. 


Photomicrographs by Mr. P. J. Pittock. 
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34. Th« Development of the Heart in the Babbit. By A. Girois, M.So. 
(London), M.R.C.S. (Eng.) *, Lecturer in Anatomy, Faculty of Medi- 
cine, Egyptian University, Cairo. 

(IVom the Department of Anntomy end Embryolofiry* UniTerBity College, London.) 
[BeoeiTed May 20, 1930: Bead Jnne 3, 1930.] 


(Plates I.-XLt ; Text-figures 1-4.) 
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Intbobuction. 

The early development of the mammalian hefirt haH, in recent years, been 
studied by a number of investigators, including Katherine M. Parker (1915) on 
the early development of the marsupial heart, Schulte (1916) on the formation of 
the cai'diac loop in the Cat, Wang (1917) on the earliest stages in the development 
of the heart in the Ferret, Murray (1919) on the development of the cardiac loop 
in the Rabbit, Yoshinaga (1921) on the early development of the heart in the 
Guinea-pig, K. M. Watson (1924) on the origin of the heart in Fdis^ and Davis 
(1927) on the early development of the heaz*t in Man. '■ 

These moi^ recent investigatoi’s have confined their attention very largely to 
the earlier stages in heart development, more particularly to the question of the 
origin and mode of fusion of the early heart-tubes and of the origin of the related 
^rfcsols* ^ 

^he cli^icu paper of Born (1889) on the development of the mbbit’s heart 
from the union of the cardiac tubes up to the adult condition, and Tandler’s 
account (1912, 1913) of the development of the human heart still form the basis 
of out knowledge of the later stages of mammalian heart development. 

* Commimicated by Prof. J. P. Hill, F.B.S., F.Z.S. 
t For ExpUuiatio& of the Plates, see p. 780. 

Paoo. Zooi 4 SoOv--19S0, No. XLJX. 49 
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The origin and the early history of the endocardiac tubes have not been studied 
in this work. Starting with the Stage when tlie heart-tubes have become approxi- 
mated on either side of the mid*ventol line, my object has been to investigate the 
part they take in the formation oS the difibrent regions of tiie adult heart. The 
liistory of these tubes has been followed up to their fusion and disappearance as 
independent structures, t. e., up to the stage when the four primary divisions of 
the heart, bulbus, ventricle, atrium, and sinus are well marked. 

The description of the earlier stages in cardiac development is followed by an 
account of the later history of the primary divisions, which supplement in 
certain respects the account of the corresponding stages given by Bom. 

Material akb Methods. 

The material used for this paper consists of a series of rabbit embryos from the 
collection of Prof. J. P. Hill, F.B.S. 1 have studied over 100 embryos ranging in 
age from 8 to 15 days. It was due to this excellently prepared collection that 1 
have been able to study stages at very short intervals. This is an important 
factor in studying the rapidly developing heart. The work was done in the 
Department of Anatomy and Embryology, University Oollege, London, under the 
guidance of Prof. Hill, for whose valuable criticism and encouragement 1 am truly 
grateful. 

The method used for studying the different stages is by wax-plate models and 
by serial drawings mnde by means of the Tjeitz projection appaiatus. Twenty-nine 
models were made, of which fifteen will be described in this paper. These models 
are : — 

Models I. and I. a, of E273C, 8 days 20 hrs., 10 somites, one model showing 
the myocardiac tubes, and the other model tlie endocardiac tubes alone. 

Models II. and II. a, of R280D, 8 days 20 hrs., 11 somites, as above. 

Models III. and HI. a, of R278A, 8 days 20 hrs., 12 somites, as above. 

Models lY. and lY.a, of R200, 9 days, 13 somites, us above. 

Model y., of R253, 9 days, 10 hrs., 21 somites. 

Model VI., of R275, 10 days, 18 hrs., 34 somites. 

Model YII., of R6, 11 days, 39 somites. 

Model YlII., of R6, G.L. 6 ram., 11 days. 

Model IX., of R5-20, G.L, 7 mm. 

Model X., of R5-20, G.L. 7-5 mm. 

Model XI., of Ra, G.L. 10 mm. 

Four sets of serial drawings by the projection apparatus, showing the develop- 
ment of the right ventricle, were also made of the following embryos : — 

R220, 10 days, 25 somites. 

R217, 10 days, 31 somites. 

R213, 10 days, 32 somites. 

R212, 13 days, 0«L. 8*5 mm. 

The scheme which is followed in this paper is to describe the first four pairs of 
models, which represent what may be termed the tubular phaae, then models 
V.-XI. inclusive, describipg the different parts of the heart in each. 

I interpolate here some remarks on the cardiac tubes before they approach 
each other in the middle line. Examination of the earliest stages (B192 A B184) 
demonstrates the presence of the middle canliac plate and the angioc^sts as 
observed by Mrs. Watson and Schulte in the cat’s heart, and also affords confir- 
mation of the contention of Mrs. Watson that Wang’s ** median heart rudiment” 
in the ferret has no existence in the cat. No such structure is present in the 
rabbit, I refer the reader to Mrs, Watson’s criticism of Wang’s s|atemeiit. 
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It u not in the Heope of this paper to discuss the fate and the function of the 
angiocjrsts, erhich according to Schulte help in uniting the tvro endocai*diac tubes 
together, and according to Mrs. Watson represent a ventral aorta in the cat. 
According to Davis the middle cardiac plate, which persists in the human heart 
to the 7«8omite stage, appears to be taken up into the myocardial wtdl pari paatu 
with the appi'oximation of the adjacent cardiogenic folds.” In the rabbit alisM) the 
tnyocardiac layer of the plate is incorporated in the myocardi»ic mantle during the 
expansion of the heart and the fusion of the endocardiac tubes. 

The Tubulab Phase. 

This phase, characterized by the presence of the two endocardiac tubes 
distinct from each other or partially fused, comprises the approximation of the two 
cardiac tubes in the middle line and the formation from them of a single heart- 
tube curved into two loops. About forty embryos of this phase have been studied, 
and four of them, showing progressive stages, have been modelled. 

During this period, the development of the heart proceeds very rapidly. In 
the embryos examined, fusion is completed in about 4 hours, and during that 
period only additional somite-pairs have appeared. 

The originally paired myocardiac tubes give origin to the continuous myocardiac 
mantle some time before the endocardiac tubes have completely fused, so that in 
certain early stages, whilst the heart shows no external evidence of its paired 
origin, internally the endocardium may still be represented by two incompletely 
fused tubes. It should be noted that in using the expression myocardiac tubes ” 
it is not thereby implied that this structure is actually a complete tube. As a 
matter of fact, the myocardiac mantle can only be said to form a complete 
investment of the heart after the disappearance of the dorsal mesocardium. In 
the early stages the myocardium, whether paired or unpaired, is always incomplete 
on the dorsal side. 

The figures of the first four pairs of models illustrate the changes that take 
place. Each pair consists of one model of the myocardium and one model of the 
endocardiac tubes of the same embryo. The first three pairs are of embryos of the 
same age, 8 days 20 hrs., but possessing 10, 11, and 12 somites respectively. The 
fourth pair is from an embryo 9 days old, with 13 somites. These embryos are 
very near each other in age and in the state of development of all other organs 
except the heart, which shows a marked diflference as between the fii'st and fourth. 

Models I., 1. a. 

(R2730, 8 days 20 hrs., 10 somites.) 

The Mpocardiac Tubes (PI. I, fig. 1). 

These appear as two dilated tubes pi*ojecting into tlie pleuro-pericardiac omlom, 
the long axis of each tube being slightly oblique to the median plane of the body. 
Each tube is marked out by two constrictions, one cranial and the other caudal. 
The former is narrower and more marked than the latter, and the right caudal 
constriction is more marked than the corresponding left. 

Lateially each tube bulges freely into the pleuro- pericardiac coslom. Medially 
the two tubes are in contact with each other cranially for about one-third of their 
length, but transverse sections show that the two adjacent walls are still sepai*ate. 
The remaining two-thirds of the tubes diverge gradually from each other in the 
caudal direction, so as to enclose a triangular space which is roofed in by the 
myocardiac layer of the middle cardiac plate. This plate serves to connect the two 
myocardiac tubes. 

Oranially, at the cranial censtriction the wall of each myocardiac tube ends by 

49 * 
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pas^ng over into the splanchnic mesodersi of the fore-gut. Oaudally, the myo- 
cardiac wall is directly continuous with the similar layer around the endothelium 
of the corresponding vitelline vein. 

The proximal portions of these veins have precisely the same constitution as 
the heart-tubes, and the question accordingly arises as to the location of the hinder 
ends of the latter. I have come to the conclusion that the caudal constrictions 
above mentioned mark the junction of the vitelline veins with the cardiac 
primordia — a conclusion which is supported by the condition in the succeeding 
stage. 

Dorsally, the walls of the myocardiac tubes are connected across the middle 
line by the myocardiac layer of the middle cardiac plate, whilst laterally a shoi*t 
distance from the middle line they are reflected into the dorsal pleuro-pericardiac 
walls. At this stage the caudal half of each tube possesses what looks like a 
dorsal mesoctirdium of its own (PI. V. fig. 14). 

The middle cardiac plate, as already noted, reaches its maximum width between 
the caudal portions of the tubes and gradually decreases in width as it is traced 
forwards. 

The wall of each tube is 2-3 cells thick, and is separated from that of the 
endocardiac tube by a space which is widest laterally and which is devoid of any 
kind of formed element. 

The Endocardiac Tubes (PI. I. fig. 2). 

These are enclosed in the myocardiac tubes, and are separated from each other 
cranially by the thickness of the two adjacent walls of these tubes. Caudally they 
are much wider apart, and, like the myocardiac tubes, are bridged across by the 
endocardiac layer of the middle cardiac plate (PI. V. fig. 14). 

The tubes are somewhat pear-shaped, being wider cranially than caudally. At 
its cranial end each tube narrows abruptly in the region of the cranial constriction, 
and, bending round, passes into continuity with the corresponding first aortic arch, 
which runs transversely outwards. 

Caudally, the narrower end of each tube is continuous with the corresponding 
vitelline vein, from which it is marked off only by the caudal constriction, as in the 
case of the myocardiac tube. 

The wall of the endocardiac tube is composed of a single layer of very thin 
flattened colls. 


Models II., II. a. 

(R280D, 8 days, 20 hrs., 11 somites.) 

The Myocardium (PI. I. fig. 3). 

There is a marked diflTerence between this stage and the preceding one. The 
heart primoidium has increased in size in all its dimensions, there being a slight 
increase in breadth and a very definite increase in cranio-caudal length and in 
dorso- ventral thickness as compared with Model I. Moreover, the heart is now 
beginning to lose the definitely paired diameter it exhibits in that model, though 
its constituent halves are still recognizable in ventral view through the presence 
of a sinuous groove along its ventral middle line. This groove begins cranially in 
the region of the future bulbus, where it is shallow ; continuing back, it widens 
out into an irregular transverse depression, occupying the centra] region of the 
ventral surface, from which a wide approximately median gi^oove runs back, to 
terminate in a deepish transversely disposed triangular depression at the caudal 
limit of the heart. The roof of this latter depression may still be said to be formed 
by the middle cardiac plate, but cranially to it that plate has been incorporated 
in the myocardiac mantle, the median groove and depression being all that is loft 
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of the triangular space and groove which separated the myocardiac tubes in 
Model I. The myocai'diac layer of the middle cardiac plate is accordingly to be 
regarded as being progressively incorporated in the myocfirdiac mantle from before 
backwards. 

As we shall see when we come to deal with the eiidocardiactubes, the expansion 
of the myocardiac walls, and in particular the evagination and incorporation of 
the myocardiac layer of the middle cardiac plate into the latter, are to be regarded 
as the result of the very marked increase in the size of these tubes. 

The above-mentioned groove (PI. Y. figs. 15, 16, 17, l.S.K.) ends cranially at 
the level at which the endocardiae tubes join the first pairs of aortic arches. It 
may be called the ** intertubular groove or sulcus.” It is destined to disappear 
entirely. 

The lateral parts of the two myocardiac tubes have expanded in opposite 
directions. The left has bulged out craniodaterally, and in doing so an oblique 
groove running cranio-caudally towards the middle line has been formed between 
this expansion and the narrower medial part of the same tube. This groove is 
deepest laterally and is widely separated from the intertubular sulcus by the thick- 
ness of tlie narrow part of the tube. It is the first appearance of the left bul bo- 
ventricular sulcus (fig.3,B.V.S.(L.)). The right tube has expanded in a ventro-caudal 
direction, and in so doing has produced two effects: firstly, the caudal constric- 
tion has come to occupy a more oblique position as compared with its transverse 
disposition in the previous stage, and it has also become greatly accentuated ; 
secondly, the expansion Ims come to lie ventral to the cranial end of the right 
vitelline vein (PI. V. fig. 18, Vt.V.(R.)). This end of the vein has also undergone 
enlargement, and appears as a wide expansion lying dorsal to the caudal end of the 
heart. The left vitelline vein does not enlarge, and remains in the same plane ns 
the left myocardiac tube, being separated from it by the caudal constriction of 
that side (PI. Y. fig. 18). This constriction, though definite, is much less marked 
than the right one. 

Due to this diagonal expansion of the two tubes the greatest diameter of the 
heart shifts from tlie transverse position it occupied in the previous stage to an 
oblique position from left cranial to right caudal. 

Dorsally, the myocardiac refiections come in contact with each other, and a 
true dorsal mesocardiuin is thus formed (PI. Y. figs. 16, 17). 

The wall is still about 2>3 cells thick, and the space between the myocardiac 
and endocardiae walls is still present, but it is less than that of Model 1. 


The Endocardiae Tubes (PI. II. fig. 4), 

The cranial portions of the two tubes, marking the site of the future bulbus, 
are now in contact with each other, but their walls (PI. Y. figs. 15, 16, 17) in the 
sections are seen to be still intact. 

Behind this region of contact the two tubes diverge, bending outwards to form 
huge dilatations. Caudally they become reduced in size and bend inwaids slightly 
towards the middle line, then turn sharply outwards to become continuous with the 
vitelline veins. The caudal constriction, marking the junction of each tube with 
the corresponding vein, now appears very marked, partly owing to an actual 
narrowing of the tube in this region, partly to the expansion of the vitelline veins, 
the right vein being larger than the left. 

In their detailed characters the endocardiae tubes exhibit changes correspond- 
ing to those already described for' the myocardiac mantle. The expansion of the 
tubes in opposite directions is again seen here, but more obviously. The left 
dilatation possesses a very distinct crnnio-lateral projection, whilst the right 
dilatation shows an even larger caudo-latezal projection, which in the ventral view 
of the model almost hides the right caudal constriction. 
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Whilst the cranial end of the left vitelline vein lies approximately in the same 
plane as the left endooardiac tube, the thicker right vein lies in a plane decidedly 
dorsal to that of the right tube. 

The groove of the left bulbo* ventricular sulcus is well formed. The right is 
just indicated. 

The median space between the caudal portions of the two tubes is bridged 
across by the endocardiac layer of the middle cardiac plate (not shown in the 
model). 


Models III., III. a. 

(R278A, 8 days, 20 hrs., 12 somites). 

The Myocardiao Mantle (Pis. 11. & 111. figs. 5 & 6). 

The heart has increased enormously in size — indeed, is about double the size of 
that of the preceding embryo. 

When viewed from the ventral aspect the heart, though simple in character, 
exhibits the familiar henrt>shape, and is seen to consist of a large swollen 
bulbous region, prolonged in front into a short cylindrical segment. Tlie 
latter represents the bulbus cordis, the former the ventricular region. The 
latter is marked out into asymmetrical right and left portions by an oblique 
longitudinal sulcus which begins dorsally on the left side of the bulbus, so that 
the latter is actually continuous with the right ventricular bulging. 

The sulcus is formed from two parts. The first and longer is the ventral exten- 
sion of the left bul bo- ventricular sulcus shown in the i)revious stage (conq^are Pis. 1 
11. figs. 3 & 5). It runs as mentioned, around the left side of the bulbus, towards 
the middle line, then continues caudally and obliquely over the ventricular surface 
until it reaches a much wider and deeper but shorter, almost median groove on the 
ventro-caudal surface of the heart. This forms the second part of the sulcus, and 
represents the caudal part of the intertubular sulcus between the two halves of the 
myocardium seen in the last stage (PI. 1. fig. 3). The cranial part of the same 
sulcus, which was visible on the ventral surface of the bulbus in the previous model, 
has disappeared in this stage, due to the expansion of the myocarcliac mantle in 
that region. 

This persisting caudal part of the intertubular sulcus corresponds to a ridge on 
the inner surface of the myocardium (PI. VI. fig. 20, I.S.B.), but l>oih are destined 
to disappear in the next stage. There the left bul bo- ventricular groove alone 
remains. 

The intertubular sulcus has been mistaken by some authors for the inter- 
ventricular sulcus, but this only appears later, when the right ventricle begins to 
develop. 

The bulgings on both sides of the median sulcus are formed by the dilatations, 
which have been described in the previous stage. Here they have expanded in 
practically all directions, an<l appear globulai’ in shape when seen from the front. 
They overhang the caudal constrictions of the two tubes, hiding them from view, 
and to a much greater extent on the Hght than on the left side. 

Due to the cranial expansion of the right bulging a short shallow groove has 
been formed between it and the bulbus. This is the first appearance of the right 
bulbo-ventricular sulcus. 

Dorsal to the heart the vitelline veins can be seen (Pis. 11, A 111. figs. 5 & 6, 
Vt.V.). The left vein runs transversely and caudal to the heart. The right 
vein also runs transversely, but extends cranio-dorsally to the right ventricular 
bulging, and is larger than the left. 

When seen from the left aspect (PI. 111. fig. 6) the left half of the heart appears 
pear-shaped in form. The thick part is formed by the large left ventrifiular bulging 
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(V) alitMdy Been in the ventral view. The narrow stalk-like region (PI. III. fig. 6) is 
directed dorso-eaudally and shows three well-marked oblique grooves on its surface. 
Tne most cranial (fig. 6, Atr.C.G.) is deep and narrow, and fades out as it is traced 
ventrnlly. It separates the left ventricular expansion from the narrow region of 
the left tube, and marks the site of the future atrial canal, whilst the bulging part 
of the tube immediately behind it represents the primitive atrium (Atr.). 

The most caudal of the three grooves (Cd.C.(L.)) is shallow, and is formed by 
the lateral part of the caudal constriction of the left tube, separating it from the 
left vitelline vein, which lies caudal and latei*al to the left tube. 

Immediately in front of the caudal constriction, the caudal end of the left tube 
is slightly enlarged (E.L.T.) and is bounded in front by a wide shallow groove (the 
middle of the three grooves mentioned above), which also fades out below (G.L.T.), 
This enlargement in the next stage will be seen to have united with the caudal end 
of the right tube, with which the cranial end of the right vitelline vein is continuous. 
The enlarged atudal end of the left tube, the caudal part of the right tube, and the 
enlarged cranial pai’t of the right vitelline vein together form the sinus venosiis 
(PI. VI. figs. 21 and 23). Thus, on the left side of this model we see half the 
primitive ventricle, all the primitive atrium, and a part of the primitive sinus 
venosus. 

When examined from the right side, the model shows the large ventricular 
dilatation involving the whole of that side with the exception of the bulbus. with 
which it is continuous cranially, being separated from the same by the right bulbo* 
ventricular sulcus as described above. 

It will be noted that the right and left lateral views of the model show decided 
differences, as indicated above. 

Dorsal to the caudal portion of the right ventricular dilatation is the right 
vitelline vein, which diffei’s greatly from the left in its size and relations. It runs 
forwards <ind inwards as a Large trunk dorsal to the caudal portion of the right 
ventricular dilatation, from which it is sepaittted by a deep obliquely horizontal 
sulcus in the position of the caudal constriction of the earlier stages. Medially it 
opens through the caudal end of the right tube into the enlarged caudal portion of 
the left tube, with both of which it will participate in forming the sinus venosus. 

In sections (PI. VI. ligs, 20, and 21) the myocardiac mantle in the caudal half 
of the heart still shows evidence of its paired origin, but in the cranial half all 
traces of its original bilaterality have disappeared, and likewise the cranial part of 
the intertubular sulcus and the related internally projecting ridge (seen in Model 
II.) have disappeared. 

The endocardiac tubes are still present in the bulbus, enclosed in the now 
single myocardiac tube (PI. VI. fig. 19). 

The myocardium is still al)ont 2-3 cells thick, but the space between it and 
the endocardium is greatly diminished. 

The Etidocardiac Tubes (Pis. II. & III. figs. 7, 8, 9). 

These have come in contact with each other throughout their length, but they 
are still distinct (PI. VI. figs. 19, 20, 21). They have expanded in all directions, 
especially ventrally, so that their dorso-ventral diameter is more than half their 
cranio-caudal length. 

The bulbar part of each tube has greatly diminished in diameter, but unequally, 
the left being much smaller than the right (PL VI. fig. 19, B.T.). The two parts 
are still distinct. 

All the changes which have been described in the myocardium are shown 
more clearly in this model, especially the marked expansion of the right 
vitelline vein behind the nght ventricular swelling.- The groove denoting the 
future ataial canal between the left ventricular swelling and the narrow caudal 
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region of the left tube is wide and shallow. The middle groove is r^*68ented 
by a slight depression, separating the atrium from the sinus part of the left 
tube. The groove of the caudal constriction of the left tube is well marked, 
being accentuated by the projection of the sinus part of the tube. 

In sections the adjacent, walls of the two tubes are beginning to break 
down in places, but their contour is still recognisable in every section. 

Models IV., IV. a, 

(B 200, 9 days, 13 somites.) 

2'Ae Myocardiao Mantle (PI. IV. fig. 10). 

The chief events in this stage are : — 

(1) The disappearance of all traces of the intertubular sulcus. 

(2) The dorsal and lateral expansion of the sinu-atrial region as the result of 
the growth of the hinder part of the left tube, the dorso-ventral diameter of the 
heart being now greater than the transverse and cranio-caudal diameters. 

Viewed from the ventral aspect (PI. IV. iig. 10) the bulbus is now seen to 
have shifted its position definitely to the right side of the heart, and now lies 
ventrodaterally. It is bounded on its left and right sides by the left and right 
bulbO'Ventricular sulci respectively. The right sulcus (lateral in position as 
compared with the ventral position of the left and hence not visible in PI. IV. 
fig. 10, though indicated in text-fig. 1) is now well marked, and corresponds to 
a definite infolding of the myocardiac mantle. 

The bulbus is much longer than that of the previous stage. It has a 
transverse shallow groove on its left ventro-lateral surface, the significance of which 
is not clear. It is probably due to a twist as the bulbus increases in length, its 
cranial end being fixed in the roof of the pleuro-pericardial cavity, and its caudal 
end limited in its movement by the heart as a whole. This sulcus disappears 
entirely in all subsequent stages. 

The left and the right bul bo-ventricular sulci are more marked in this model 
than in any of the models of the tubular stage, and so the bulbar region appears 
as an outstanding projection, on the right ventrodateral surface of the heart. This 
is due to the fact that the bulbar parts of the endocardiac tubes in this model are 
of small diameter compared with the expanded myocardiac bulbus. The result is 
that the notch on either side at the junction of the bulbus with the dilated 
ventricular region is deep and sharply marked. 

Viewed from the left side the groove denoting the atrial canal has become 
much shallower than that in the previous model, as the result of the great expansion 
which has taken place in this region, but it has increased in extent and can now 
be traced round on to the caudal surface of the left tube. It has also changed its 
direction, and now runs cranio- caudally (compare Pis, II, IV. figs. 6 & 10). 

The atrial and the sinus paHs of the left tube now form a continuous expansion, 
the sinu-atrial region— the groove between them in the preceding stage having 
become oblitemted, also, no doubt, as the result of the great growth which has 
taken place in this region of the tube. 

The left ventricular expansion has increased but little in comparison with 
the enormous growth of the sinu-atrial region. 

Viewed from the right side (text-fig. 1), the expanded end of the right 
vitelline vein is seen to have increased markedly in size, and the greater part of it 
now lies dorsal to the heai*t. It is continuous by way of the caudal end of the 
right tube with the sinus part of the left tube, forming with it a largo transverse 
cavity, the sinus venosus. This is continuous ventrally on the left side with the 
atrial part of the left tube without any demarcation (PI. VI. figs. 22 A 23), 
so that at this stage there is present a single sinu-atrial cavity. • 
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The bulbils is seen here eceupyi^ a ventral position, and between it and the 
sinus the right ventricular expansion appears (PU VI. fig. 22), This, like its 
fellow on the left side, hw apparently remained stationary. The two ventricular 
expansions have now united to form the primary ventricle. 

The sinus and the ventricle are separated from each otlier on the riglit side 
by a deep sulcus formed by the infolding of the myocardiac mantle, which extends 
inwards towards the middle line. The floor of the sulcus represents the caudal 
constriction of the right tube (PI. VI. figs. 22, 23). 


Text-figure 1. 



Dorsally the dorsal niesocardium has disappeared, except along the extent 
of the sinus venosus. This is an event which coincides with the appearance of tlie 
first cardiac loop ; and as the length between the cranial and caudal limits of 
the heart has increased and its ends are more or less fixed, the disappearance 
of the dorsal mesocardium allows the formation of the loop. 

The myocardiac wall is still 2-3 cells thick, and the space between it and the 
endocardiac wall is still present. 

The Endocardiac Tubes (PJ. VI. figs. 11, 13, & text-fig. 1). 

Fusion has advanced caudally, and the adjacent walls are breaking down in 
this region, but the two tubes are still distinguishable by a groove seen on the 
ventral surface of the bulbus and the ventricle (PI. IV. figs. 11 & 13). 

The transverse sulcus, which appears on the left ventro-lateral suiface of 
the myocardiac bulbus, does not appear on the endocardiac bulbus. This may 
be due to the fact that the endocardiac bulbus is much smaller than the 
myocaitliac one, and therefore is not affected by the twist, which may account 
for the presence of the sulcus on the latter. 

The left tube has elongated in a dorso-ventral direction due to the great 
increase in size of its sinu-atrial part. The groove between its ventricular and 
bulbar regions is deep, and receives the fold of the left bulbo-ventricular sulcus. 

The groove denoting the atrial canal is less marked than that of the myocai diac 
model. 
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The right tube has not increased nearly as much in sise as the left---in fact, it 
is decidedly smaller,— and its expansion, though evident, is much less marked than 
in the previous stage. The gixjove between the ventricular expansion and the 
bulbar part of the same tube is shorter and less marked than its fellow on^the 
left side, in correspondence with the condition of the right bulbo-ventricular 
sulcus, which is shorter and shallower than the left. 

The sinus venosus is well established in this stage and is clearly seen in 
the model (PI. IV. fig, 13, S.V.), Bound its mid-region cranially and dorsally 
there runs a transversely wide depression, denoting the line of union of the cranial 
end of the right vitelline vein with the caudal end of the right endocardiac tube 
and the position of the right caudal constriction (PL VI. figs. 21, 23). 

The sinus appears as a transversely elongated chamber lying dorsal to the 
ventricular rt‘gion and extending from side to side of the pleuro-pericardial cavity, 
and in continuity with the atrium on the left side (PI. VI. fig. 23). At either 
extremity, it is continuous on its caudal aspect with the corresponding vitelline 
vein. On the left side the caudal constriction is still very clearly seen between 
the sinus and the vein (fig. 13, Cd.O.(L.)). 

In this stage the primitive parts of the heart are accordingly well established, 
and the contribution of each cardiac tube is as follows (see PL VI. ficrs. 21, 
22,23):— ® 

The bulbus and ventricle are formed from both tubes. 

The atrium is derived mainly from the left tube, and possibly in small part 
from the right one. 

The sinus venosus arises from the enlarged caudal portion of the left tube, the 
caudal end of the right tube, and the expanded cranial end of the right vitelline 
vein. 


Sminiary of ISihidar Phase. 

The outstanding features of the stages .so far described may now be recapitulated. 

Tlie tubular stages in the tievelopment of the heart are passed through very 
rapidly. This rapid development can be realized from tlie fact that the interval 
between the approximation of the tubes and their fusion, if judged in time, is only 
4 hours and, if judged by somites, is only 3 somites. During that interval the 
other structures of the embryo have advanced but little. 

The myocardiac mantle is derived from the paired myocardiac tubes and the 
inyocardiac layer of the middle cardiac plate, thelatber layer becoming incorporated 
in the walls of the tubes as these expand coincidently with the enlargement of 
the endocardiac tubes. The original bilateral character of the myocardium soon 
disappears. In Model II. it is indicated by the sinuous median sulcus along the 
entire ventral aspect of the heart, whilst in Model III. the corresponding sulcus 
is represented only on the caudal half of the heai*t. This transitory sulcus we 
have termed the intertubular sulcus. 

Model I. and I. a show that the otrdiac primordium is represented by two 
dilated tubes lying one on either side of the middle line, and in contact with each 
other cranially over about one-third of their length. Bach tube is marked out by 
two constrictions, one cranial and the other caudal, and consists of two layers— an 
outer incomplete myocardiac covering and an inner complete endocardiac tube. 
The two tubes are bridged across by the middle cardiac plate. This plate consists 
of two layers— a lower inyocardiac, connecting the myocardiac tubes, and an upper 
endocardiac, connecting the endocardiac tubes. The endocardiac layer of the plate 
in some embryos shows cystic vesicles, the so-called angiocysts. 

Models II. and II. o show that the intertubular sulcus between the halves 
of the myocardiac mantle is still present, though much reduced, and that ^e 
endocardiac tubes have come in contact over their cranial or bulbar portions 
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Expansion has taken place in the lateral walls of the tubes in opposite directions — 
the left cranio-laterally and the right ventro-laterally. 

The left bnlbo- ventricular groove has made its appearance. 

The cranial and the caudal constrictions are well marked. 

Models III. and Ilia, show the bulbar region as a single tubul.ir structure 
containing two endocardiac tubes. 

The left side of the heart is now distinguishable into two regions, a large 
ventiicular expansion and a smaller caudal region. The latter is marked on its 
lateral surface by three grooves, the most cranial denotes the site of the atrial 
canal, separating the narrower caudal region from the ventricular expansion 
mentioned above. This narrower region is distinguishable into two parts by a 
groove (the middle one of the three) ; the cmnial part becomes the atrium, the 
caudal part enlarges and unites with the caudal end of the right tube and the cranial 
end of the right vitelline vein to form the sinus venosus. This end of the vein 
enlarges and extends ci*anio-inedially dorsal to the right ^ide of the heart. The 
third groove is the lateral part of the left caudal constriction. 

The endocardiac tubes are still distinct throughout their extent, though their 
adjacent walls are beginning to break down in places. 

Models IV. and IV. a show the myocardic mantle in its fully expanded condi> 
tion, the intertubular sulcus having disappeared. The right bulbo-ventricular 
sulcus is now established. The groove denoting the atrial canal, though shallow, 
has extended round the caudal surface of the left tube, and has changed in direction 
from an oblique doi*so-ventral to a cranio-caudul position. 

The two ventricular expansions unite to form the primitive ventricle. The 
atrial part of the left tube has increased in diameter and in length to form the 
primitive atrium. 

The cranial end of the right vitelline vein has increased greatly in size and has 
come to lie dorsal to the heart. It is continuous through the caudal end of the 
right tube with the caudal end of the left tube, the three parts together forming 
the primitive sinus venosus. 

The endocardiac tubes are fusing in a caudal direction, but their limits are still 
<listinguishable. 

Up to this stage the caudal constrictions of the two tubes are still clearly 
recognizable. 

In reviewing the works of the various authors mentioned in the introduction, 
one is struck by the fact tliat practically all of them figure and describe the 
phase of mammalian heart development, which is represented in this work by 
Model II. a (PI. II. fig. 4), in which the endocardiac tubes are definitely established 
as two distinct structures, lying in the same plane side by side in the pleuro- 
pericardiac cavity. The striking similarity in various mammalian hearts, including 
man, is brought out in text-figs. 2 & 3 which are diagrammatic reproductions 
from the figures of the authors referred to. 

Their interpretation of the different paints of this stage is as striking in 
divergence as are the figures in resemblance. A study-of the labelling of these 
figures will suffice to impress the reader with the extraordinary difierences of 
opinion on such a fundamental stage in the development of the mamma Jian heni-t. 

The outstanding difference among those authors is as to the location of the 
atrial canal. Murray in the rabbit, Mrs. Watson in the cat and marsupials, and 
Yoshinaga in the guinea-pig locate it at the caudal constriction of Model II a. 
Wang in the ferret locates it at the cranial constriction, whilst his lateral expan- 
sions are the atria. Schulte in the cat called the caudal constriction the atrio- 
venous angle, which is the nearest to our interpretation. Davis derives the 
ventricle from these caudal constrictions, and the bulbus from the expansions of 
the two tubes. 

This divergence of interpretation is perhaps to be explained by the fact that 
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Text-figure 2. 



a. Endooardiao tubes of model II. a. 

l=r aortic arches. 2=biilbn8. S=Tentricle. 4=future sinn-atrial area and atrial canaL 
5= caudal constriction. 6=rigrht yitelline yein. 7=left Titelline vein. 

b. Endooardiao tubes of rabbit (Murray’s text-fi^. 2). 

1 aortic arches. 2 = right and left bulbus. 3 = bulbo- ventricular canal. 

4= ventricle. 5 — atrial canal. 6= vitelline veins. 

c. Endocardiac tubes of oat (K. M. Watson’s text-fig. 12, dorsal view). 

1= aortic arches. 2=:bulbu8. 3= ventricle. 4= atrium. 5= vitelline veins. 

d. Model of marsupial heart (E. M. Parker’s text-fig. 6). 

1 =bulbu8. 2=:ventricle (endocardium). 2 a=: ventricle (myocardium), out edge shown. 
3 = atrium. 4 ^ atrio- ventricular constriction. 


Text-figure 3. 



e. Endooardiao tubes of oat (Schulte’s text-fig. 10). 

I =: aortic arches. 2= bulbus. 8= ventricle. 4 =:atrio- venous angle. 5= vitelline vein. 

/. Endooardiao tubes of ferret (Wang’s text-fig. 81). 

1=. aortic arches. 2= dorsal aorta. 3=bulbu8. 4=ventriole. 5=atria. 6=8inus venosus. 

g, Endooardiao jbubes of guinea-pig (Yoshinaga’s text- fig. 23, dorsal view). 
l=tmnou8 arteriosus. 2= ventricle. 3 =atrio- ventricular canal. 4ssatria. 

5 SB sinu-atrial constriction. O^sinns venosus. 7 s: vein. 

h. Endooardiao tubes of man (Davis’s text-fig. 12). 

1=: aortic arches. 2=:bulbus. Ss ventricles. 4=satria, 

fisanastomosis between cardiac tubes. * 
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none of these aubhors have followed the tubular stage of the heart to the stage of 
the adult condition. 

Mrs. Watson, Wang, Yoshinaga, and Schulte ended their observations before 
the formation of the car.liac loop. Murray and Davis ended theirs at the 
formation of the loop, each interpreting the loop-stage on the basis of his inter- 
pretation of the stage mentioned above. 

In Models IIL-IV. a (see Pis. II., III., I Y. figs. 5-13 & PI. VI. figs. 21-23) the 
site of the atrial canal is first indicated by a faint groove some distance cranial to 
the caudal constriction. From this condition the atrial canal can be followed up 
to the definitive stage of the heart, as will be dascribed in the following models. 

The presumed location of the atrial canal in the cautlal constriction must have 
as its result the formation of bilateral atria, as depicted in the figures of the above- 
mentioned authors. Davis (1927) states definitely in his conclusions, ‘^The atria 
maintain their paired individuality.’' The atrium is certainly not paired in these 
early stages in the rabbit ; it arises os a single cavity, and is only divided into two 
at a much later stage in development. 

The left bulbar tube, according to Davis, disappears in man, and according to 
Schulte it becomes rudimentary in the cat. When Pis. II. <klll. figs. 7 19 are 

compared with Pis. IV. <& VI. figs. 1 1 tlb 22, it will be noticed that the left bulbar tube 
diminishes in the stage of Model III., but expands again in the stage of Model IV. 
This change in calibre of the left half of the bulbus may be due to changes in 
circulation at the two stages. 


Model V^ 

(R253, 9 days 10 lirs., 21 somites.) 

This model (PI. VII, figs. 25, 26) is separated by a considerable gap from the 
preceding one. It represents a marked advance on the tubular stages we have 
hitherto been concerned with, inasmucli as the organ is now beginning (o assume 
its definitive condition. The bulbo- ventticular loop has already been established, 
and has extended caudally, whilst the sinu-atrial region has grown to a very large 
size (PI. VII. figs. 25 & 26), 

Compared with Model IV. (PI. IV. fig. 10), it will be noticed that the left 
ventricular dilatation has expanded enormously, especially in the dorsal and 
c iudal directions, and at the same time it would appear to have undergone ventral 
rotation, so that its original cranial extremity (as seen in Model IV., PI. IV. 
fig. 10) now occupies a point on the ventral surface. 

The sinn-atrial region (situated in Model IV. dorso-caudally to the ventricular 
region) now lies cranially to the left ventricular lobe and dorsally to the right 
ventricular limb and the bulbus. This decided change in position has apparently 
resulted from the expansion of the sinu-atrial region in the cranial direction and 
its participation in the downward rotatory movement undergone by the left 
ventricular lobe. Its caudal part is embedded in the primordium of the septum 
transversum, and this no doubt limits its displacement and renders necessary 
marked growth in its dorsal wall. 

As the result of these growth changes the region of junction (atrial canal) 
between the sinu-atrial and the left ventricular regions, from being cranio-caudnl 
as in Model IV., now occupies an obliquely dorso-ventral position. This junctional 
region is marked on the ventral surface by a slight transverse depression separating 
the left ventricular and the sinu-atrial regions. The junction between these two 
regions is marked on the dorsal side by a deep sulcus, which corresponds internally 
to a well-marked fold, forming the dorsal margin of the opening of the atrial 
canal. 

The formation of the definitive ventricular loop, characteristic of this stage, 
may be said to be the result of the caudal growth of the ventricular region aii<l 
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the concomitant lengthening and deepening of the left hulbo-ventricular aulcus. 
The right ventricular limb forms the smaller right moiety of the loop, and has the 
form of a tapering cylinder, its narrower hinder end passing into continuity with 
the left limb by way of a short transverse segment. 

The bulbils, continued forwards from the right litnb, appears to be shorter 
than in the preceding stage. This is probably due to the taking up of part of the 
apparent bulbus of the preceding stage into the right ventricular limb. The 
bulbus is marked off from the latter limb by a deep dorsodaterai sulcus (the right 
bill bo- ventricular sulcus of the previous Model), but there is no definite line of 
demarcation between the two on the ventral surface. 

Tlie left bulbo-ventricular sulcus runs in a sagittal plane on the ventral aspect 
of the heart, separating the bulbus and the right ventricular limb fi’oin the sinu- 
atrial region and the left ventricular limb. It extends back to within a short 
distance of the caudal end of the heart, so that the two ventricular limbs are 
conuectetl together caudally by a narrow transverse segment. 

The dorsal region of the heart is formed by the sinu-atrial chamber, the caudal 
part of which lies embedded in the primordiuin of the septum transversum, and 
forms the transverse part of the sinus. Examination of transverse sections 
through this latter part shows that the cavity is provided with well-defined lateral 
expansions, of which the left is situated at a more cranial level than the right. 
These constitute the left and the right liorns of the sinus, into which oprn the 
ducts of Cuvier and the umbilical and omphalomesenteric veins. 

The right duct of Cuvier opens on the lateral aspect of the right horn, while 
the umbilical vein (lying dorso -laterally) and the omphalomesenteric (lying 
medio- ventral ly) open side by side into its caudal aspect by what appears to be a 
common opening, though this is difficult to determine as they pass so gradually 
into the sinus cavity. Internally the opening of the right horn is defined by a 
semiciixsular ridge corresponding with an external groove. 

Externally the left horn is definitely delimited from the rest of the sinu- 
'atrium through the presence of a well-marked groove, which defines its cranial 
and dorsal limits, and which is in marked contrast with the shallow groove 
marking oft' the right horn. The left Cuvierian duct opens on its cranio-Jateral 
aspect, while the other two veins open by a common opening on its caudo-dorsal 
aspect. 

The cranial part of the groove above mentioned corresponds to a well-marked 
crescentic fold which defines the doi'so-lateral margin of the opening of the hoin 
into the sinu-atrial cavity. This fold is the first definite sign of the separation of 
the latter cavity into its two constituents. Born describes a similar fold in his 
first model of an embryo 9-9 days, which resembles this model, but he states 
that the sinus is separated from the atrium all round at this stage by an external 
furrow, whicli is less distinct than that related to the fold in question. In our 
model, on the inner surface of the sinu-atriuni there is a slight indication of a 
ridge continuous with, and on about the same level as, the crescentic fold, but it 
cannot be said for certain that this corresponds to Born’s externa] furrow. Jt 
seems more probable that the division betw'een the atrium and the sinus takes 
place by progressive extension of t'le crescentic fold mentioned above, rather than 
by the formation of a continuous encircling fold. 

The dorsal mesocardium is still present in the caudal part of the sinu-atrial 
region. It reaches crajiially to the level of the crescentic fold bounding the 
opening of the left horn. 

Viewed from the interior the bottom (caudal wall) of the sinu-atrial cavity is 
seen to be divided by a sagittal ridge into two depressed areas, of which the right 
is larger than the left. 

The atrial canal is situated in the cranio- ventral corner of the sinu-atrial 
cavity, and leads into the left venttioular limb. Its lumen is transverfely oval and 
runs cranio-oaudally. 
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The mjocardiao wall of the sinu-atrial cavity is thin (Pi. X. fig. 37) and is 
in contact witli the endocardium. In the ventricles and the bulbus the myocardiac 
wall is thicker, 3-4 cells, and is separated from the endoeardiac wall by a space. 

The cavities of the ventricles are joined together by a transverse passage, the 
ostium interventriculare. The ventricles differ from the bulbus in possessing 
thicker walls and in having the myocardium and endocardium more approximated 
and more irregular (trabeculated) in character, a condition associated with active 
growth. 

Model TI. 

(11275, 10 days 18 hrs., 34 somites.) 

This stage (PI. Ylll. figs. 27, 28) is characterized by the division of the sinu- 
atrial cavity into atrium and sinus venosus. The cavity has grown to a very large 
size, and, indeed, it would seem to attain its maximum in this stage. 

Viewed from the ventral aspect the bulbus is now seen to occupy a nearly 
median position. It is elongated, and its horizontal part has largely straightened 
out. The light ventricle now established forms the most ventral part of the heart. 
This ventral displacement of the right ventricle and the bulbus is due to the 
rotation of the heart on a longitudinal axis from right to left, and probably al&o 
to tlie great ventral expansion of the atrial cavity. 

The right ventricle extends more caudally than the left, and the transverse 
part which joins the two ventricles is indented by a shallow longitudinal sulcus. 
This is the beginning of the interventricular sulcus. It is directly continuous 
with the left bul bo- ventricular sulcus. 

On the left side of the bulbus, in the angle between the cranial end of the left 
ventricle and the cranial part of the left atrium, part of the wall of the atrial 
canal, now definitely established, is just visible (PI. VIII. fig. 27). It now runs 
obliquely in a dorso-medial direction, its change of direction in this stage ns 
compared with the preceding being due to the longitudinal rotation of the iieait 
from right to left. On the right side of the bulbus the right atrium has expanded 
ventrally. Tlie [mit of the atrium wliich lies in contact with the bulbus is 
indented by the latter. 

When viewed from the left side the left ventricle appears as a pear-shaped 
eminence, its wider end l>eing directed cranial ly and its longer diameter being 
dorso-veiiti-al. The left atrium fits as a halftnooii -shaped structure on its dorso- 
cranial surface, and the left horn of the sinus fits on its dorso-camlal surface. 
The transverse part of the sinus is imbedded in the septum transversum caudally 
to the ventricle. 

Between the left half of the atrium and the sinus the sinu-atrial constriction, 
which was just beginning in the last model, has become a deep wide cleft. The 
fold so produced cuts ofi* the left half of the atrium from the sinus, so that the 
caudal wall of that part of the atrium turns in and forms its own floor. This fold 
is continuous medially, with a crescentic infolding of the ventral wall of the sinu- 
atrial cavity which separates the right half of the atrium from the sinus. When 
this fold reaches the right lateral wall (PI. VIII. fig. 28) ifc takes a dorsally 
curved course on that, and finally, bending almost at a right angle, it runs oii the 
dorsal wall, and fades out a short distance from the dorsal mesocardium. A W(>Ii- 
marked sulcus on the surface of the lateral wall marks its position. In this way 
we have formed, from left to right, a semicircular fold separating the atrium from 
the sinus, and widest where it projects from tlie ventral wall. The opening thus 
formed between the two cavities is situated on the right side of the middle lim^ 
and when viewed from the atrial side is seen to face cranio- ventrally. 

The just described semicircular fold, although continuous at this stage, may be 
divided into two segments, viz., the segment bounding the opening ventrally and 
as far laterally as the right-angled bend, and that bounding it latero-dorsally 
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above the bend. The former ia the primordium of the right venous valve and the 
latter that of the left. The right valve primordium is more developed than 
the left, and lies caudally to it. 

On the lateral wall of the atrium, and starting at the angle marking the 
junction of the right and left valves, a longitudinal sulcus (Pis. YIIl. k IX. figs. 28, 
29, 8,8p.) runs cranially towards the sagittal inbaying produced by the lodgement 
of the bulbus on the cranial wall of the atrium. This sulcus corresponds to a 
ridge on the inner surface of the atrium. Born in the rabbit and Tandler, in 
the man, regard this ridge as the beginning of the septum spurium. According 
to my observations, a cavity appears at a later stage in this ridge (Pis. X. Xi. 
figs. 39, 40) and opens into the atrium. The medial wall of this cavity will form 
the true septum spurium. 

The septum primum makes its first appearance in this stage. It has the form 
of a horseshoe-shaped ridge which begins on the dorsal wall of the atrial cavity in 
the middle line, a short distance in front of the sinu-atrial opening, and runs 
obliquely forwards and to the right on the cranial wall, and then continues on to 
the ventral wall, to terminate behind the caudal end of the atrial opening of the 
atrial canal. Its cranio-ventral half coincides with the infolding produced by the 
lodgement of the bulbus. The myocardiac and endocardiac layers of the septum 
are markedly thickened, especially the endocardium, the thickening of which forms 
a broad rounded border, most distinct in the dorsal and ventral parts of the 
septum. 

The cranio-dorsal region of the right atrium (PI. YlII. fig. 28, P.S.) is marked 
off by three sulci, corresponding internally to the primordium of the septum 
spurium ventrally, the left venous valve caudally, and the septum primum 
medially, and constitutes the pai^s interseptale ” described by Born in the 
rabbit and by Tandler in the human heart. 

On the dorsal surface of tlie heart the left horn of the sinus has separated 
•from the loft atrium (PI. YIll. fig. 28, S.Y.). It lies in a vertical position and is 
very much smaller than the right horn. The left umbilical and omphalomesenteric 
veins are also greatly reduced in size. The right horn is very large and extends 
much more cranially than tlio left. The corresponding veins are very large, the 
umbilical being larger than the omphalomesenteric. The transverse part of the 
sinus is extensive, and still occupies a caudal position immediately dorsal to the 
apical portion of the ventricle. The left duct of Cuvier has now shifted dorsally, 
and opens on the cranio-lateral aspect of the left horn. The right duct is still 
largely lateral, and opens some distance behind the cranial end of the right horn. 
The opening of the left Cuvierian duct is still somewhat in front of that of the 
right. 

It remains to be mentioned that the lumen of the atrial canal is now slit-like, 
with slightly enlarged ends. It is disposed obliquely, its caudal end being moie 
medial, its cranial end more lateral. 

The myocardiac wall of the ventricles is thickened and trabeculated, and is in 
contact with the endocardium. The myocardium of the bulbus is still about 
2-3 cells thick, and is separated from the endocardium by a space, void of tissue. 

Model YII. 

(R6, 11 days, 39 somites.) 

The most important alteration which has taken place in this Model (PI. IX. 
fig. 30) is the change in the position of the atrium and the sinus venosus in 
relation to the ventricles. Hitherto the atrium and the sinus were situated 
doieally to the ventricles, the ventral walls of the atrium and the transverse part 
of the sinus being actually in contact with the dorsal wall of thp ventricles. In 



TBB HBAHT ZN TSB RABBIT. 


771 


this stage the atrium lies cranial to the ventricles and the sinus is placed entirely 
dorsal to the atrium. 

Born (pp. 300-301) explains the change in position of these parts as due to 
the more marked growth of the lower (caudo- dorsal) part of the ventricles and the 
upper (dorso-cranial) paH of the atrium, combined with a rotation of the atrium 
in a cranio- ventral direction round a transverse axis, passing through the atrial 
opening of the atidal canal. With this explanation we are in agreement. 

The ventricles have increased in size, the right in particular having become 
more bulbous, and their dorsal surfaces are now quite exposed. The right 
ventricle is still much smaller than the left, and forms the apex of the heart. 

The interventricular sulcus is greatly deepened, especially at its caudal end, 
an<l the transverse segment now occupies a dorsal position. 

The bulbus is now almost straight, and passes over below without any definite 
demarcation into the right ventricle. 

The atrial canal, with an oblique cranio-caudal disposition, is seen midway on 
the left side of the bulbus, between the atrium and the left ventricle. 

Very marked changes have taken place in the sinu-atrial junction. The sulcus 
which corresponds to the left venous valve, and which occupied a transverse 
position in the previous model, has now shifted to a cranio-caudal plane, and now 
lies in line with the sulcus of the right valve. This shifting is partly due to the 
rotation of the atrium and partly to the great reduction of the pars interseptale, 
which now appear as a small outpouching on the cranial and medial surhice of the 
right atrium. The ridge representing the left valve and the corresponding sulcus 
have also extended medially, but have not yet met the medial end of the right 
valve. The result of the shifting of the left valve to a cranio-caudal plane is that 
the sinu-atrial opening now faces cranio-caudally, and the right valve is behind 
(caudal to) the left. 

Another result of the rotation of the atrium is the shifting of the ridge which 
forms the primordium of the septum spurium to a dorso ventral position on the 
cranial part of the lateral wall of the right atrium. The external sulcus 
has been obliterate<l, but the corresponding internal ridge is now greatly thick- 
ened. Its caudal part has been hollowed out by a cavity which o|)ens into the 
atrium (Pis. X. XI. figs. 39, 40, A.C.l.) in such a way that the medial wall of the 
cavity is left as a flapdike fold which is continuous near its lower attached end 
with the right venous valve. We were at first inclined to regard this flap as the 
beginning of the septum spurium, but the latter is not definitely formed until 
the next stage. 

The sinus venosus is greatly reduced in size, especially the left horn, and the 
whole lies dorsal to the atrium. The ducts of Cuvier are definitely doisal in 
position ; the left is the smaller and opens into the cranial end of the left horn, 
a!id the right is large and opens just above the cranial end of the right horn. 
The right horn still lies much more cranial than the left. 

TJie Interior of the Heart, 

The sinu-atrial opening is smaller than in the previous model, and is now more 
definitely bounded, the venous valves being more developed, but on the me<linl 
side the medial ends of the two valves are still wide apart. 

The wall of the sinus is about 2 cells thick, and does not show the thinning 
which accompanies rapid expansion as in Model VI. 

The septum primuui (PI. XI, fig. 40, S.T.) has extended considerably in the 
caudal direction, and now forms a Sfigittal partition, dividing the cranial part of 
the atrium into right and left atria. 

The atrial opening of the atrial canal is oval and is disposed obliquely in the 
horizontal plane. 

Ploo, Z^L. Soo.— 1930, No. L. 
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The infolding of the ventral wall of the atrium produced by the bulbus is 
more marked, and runs sagittally through the whole extent of that wall from 
the septum primum eranially to the eaudo-medial limit of the atrial opening. 

As already described, the ridge-like thickening which gives origin to the 
septum spurium and which begins at the junction of the left and the right valves 
is now very distinct, and its caudal part has been hollowed out by a cavity opening 
into the atrium. 

The region of the atrial wall which lies behind this cavity is also thickened 
and its inner surface is quite rough and irregular, a condition to be associated 
with active growth. It should be noted that the ridge-like thickening from 
which the septum spurium takes origin and the thickened area caudal to it 
are both parts of one continuous thickening. 

The left atrium which is expanding more slowly is devoid of any such 
thickened area of its wall, and its surface is smooth. 

In the ventricles the deep caudal end of the interventricular sulcus corresponds 
internally to a thick round fold separating the ventral parts of the two ventricles, 
dorsal to which they are in free communication. 

The endocardiac lining of the ventricles lies in close contact with the myo- 
cardium, where it is in active growth, as indicated by the presence of trabeculae, 
but is separated by a space in the areas where the myocardium is about 4 cells 
thick and devoid of trabeculae. 

In the bulbus the endocardium ie separated from the thick myocardium by a 
space in which the endocardium is just beginning to thicken to form the 
endocardiac cushions. 


Model VIII. 

(R6, 11 days, G.L. 6 ram.) 

The chief changes which have taken place in the heart represented by this 
model, of the same age as the preceding one, are associated with the venous valves, 
the septum spurium, and the thickened area of the atrial wall. 

The latter area has increased in extent, more especially cranial wards, and as the 
result the septum spurium is now more caudally situated and lies practically in 
the same plane as the ventral portion of the right venous valve, with which, as 
well as with the left, it is continuous. Tiie septum is now definitely formed and 
appears as a horizontal shelf-like fold which arises from the thickened area of the 
ventral wall, a short distance from the middle line. Just before it becomes 
continuous with the venous valves it is separated from the atrial wall by an oval 
depression, opening forwards. 

Almost immediately behind the attachment of the septum to the valves a 
second cavity with a large irregular opening is present in the thickened area of the 
wall. The formation of such cavities in the myocardium of the latter area and in 
that of the developing septum spurium has been observed in all the 11-day embryos 
examined (10 in all) and in some early 12-day embryos, and must be regarded as a 
pei-fectly normal phenomenon. Its precise significance is not entirely clear, but 
since fche cavities always open out into the atrial lumen it may be suggested that 
they serve to increase the size of the latter, whilst in the case of the septum 
spurium the appearances seen in the models and in sections strongly suggest the 
view that the septum really represents the persisting floor of such a cavity. 

From the point of* view of phylogeny the speculation may be permitted that 
the mammalian atrium consists of two parts, viz., the primitive atrium, comprising 
the part medial to the septum spurium, and a secondary addition situated laterally 
to and including the septum, this latter part forming at the expense of the 
thickened area of the atrial wall which is situated in the region of the sinu-atrial 
junction. This may perhaps be explained by the fact that in tba tubular stage 
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(PI. Yl. fig. 22) the atrium arose mainly fiom the left endocardiac tube, whilst 
the contribution from the nght tube is very small. The formation of the accessory 
cavities described above may possibly be regarded as an additional contribution 
from the right tube, since the area from which they arise corresponds morpho- 
logically to the sinu-atrial junction of PI. VI. fig. 22. 

The ventricles have increased in size, having extended in the dorso-crauial 
direction. Their dorsal walls are still continuous, i, e., there is no external 
demarcation between them. The interventricular sulcus has deepened, and the 
right ventricle has grown further caudally as compared with the preceding 
stage. 

The bulbus has shortened and increased in transverse diameter. 

The horns and the transverse part of the sintis venosus now lie in the same 
transverse plane. 

In the interior of the heart the left venous valve is much more developed, 
having the form of an elongated fiap-like fold of the lateral wall attached precisely 
along the junction of the right horn of the sinus with the thickened area of the 
wall of the right atrium, which is marked externally by a welhdefined sulcus. The 
valve extends on to the inner surface of the ciunial wall, and gradually becomes 
reduced in height without reaching the medial extremity of the right valve. At 
its hinder end it is continuous ventrally with the septum spurium, and dorsally 
with the right valve. 

In the preceding stage practically only the cranial portion of the left valve 
was laid down. In the present stage this cranial part has increased somewhat in 
width, whilst the lateral part may be regarded as a new formation. It is note- 
worthy that this lateral part arises at the same time as the septum spurium, and 
it seems probable that both structui*es are derived from the persisting wall of an 
accessory cavity that appeared in the tliickened and actively growing zone of the 
right atrial wall, the septum spurium representing the persisting caudal wall and 
the lateral part of the left valve the pei'sisting dorsal wall. 

The right valve forming the caudo-medial boundary of the sinu-atrial opening 
has increased in width. It is situated medially to the left valve and is continuous 
with the caudal end of the latter, and at the same time with the septum spurium. 

The point should be emphasized that the left venous valve at this stage is 
situated on the cranial and right side of the sinu-atrial opening, whilst the right 
valve forms the caudo-inedial (left) boundary of the opening, so that the valves are 
reversed as cx)m pared with tlieir final position. 

The atrial canal is in the same oblique position as in the preceding stage, but 
it is compressed ventro-lateraJly, due to the appearance of two endocardiac cushions, 
respectively dorsal and ventral. 

The interventricular fold has extended dorsally and to the left. The ostium 
interventriculare has narrowed, and still occupies a dorsal position. 

Endocardiac cushions , — These are now definite structures in this stage, whereas 
in the preceding one they were i*epresented by scattered endocardiac cells in the 
sub-endocardiac space (PI. X . fig. 38). There are two sets. 

The atrio-ventricular cushions (PI. XT. fig. 42) are’ tw'o disc-like pads, one on 
the dorsal, the other on the ventral side of the cleft-like atrial canal (AtrC.), 
and extending for a short distance on the inner surfaces of the atrium and 
ventricle. 

The bulbar cushion surrounds the buU)ar cavity along its length, but is 
incomplete on the left side, thus appearing horse-shoe shaped in cros«- section. The 
cushion begins cranially where the bulbus enters the pharyngeal wall, and emls 
caudally at its junction with the right ventricle. It is thicker at its cranial end. 
Caudally it is less marked, and the connecting-piece of the liorse-shoe is thinner 
tihap the two limbs. 
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MooBt IX, 

(B 6-20, 7mm.) 

A few clianges ai*e worthy of mention in this stage. 

The right atrium shows a dehnite increase in size and has expanded laterally 
nnd craninlly. The septum spurium has almost trebJed in breadth as compared 
with that of the preceding stage. The free marginal portion of the septum is 
relatively thin and smooth, its remainder, on the other hand, is very thick and 
shows on its cranial surface a deep depression with an irregularly corrugated floor. 
This part has evidently been formed by cavity-formation from the actively growing 
wall, and towards its dorsal extremity actually shows a small perforation. 
Oaudnlly the thickened part of the septum is directly continuous with the ventral 
lip of a second cavity, which corresponds to that seen in the preceding model, but 
is now much larger. The cavity opens widely into the right atrium, possessing 
a semicircular lip, and the whole structure looks like a semilunar valve. 

The sinu-atrial opening has narrowed considerably, and the left valve has 
extended medially arid has become continuous with the medial end of the right 
valve. The opening is now pear-shaped, and lies obliquely, so that when viewed 
from the sinus side it faces medially and to the left. 

The ventricles have increased in size, and their junction is now marked on 
the dorsal surface by a shallow sulcus. 

The atrial canal is no longer visible on the ventral surface of the heart, 
owing to tlie ventral expansion of the left ventricle. 

Compared with Born’s models, my Model VII. corresponds closely to his 
model 4, whilst my Model X. corresponds to his model 5. Models VIII. and 
IX., in which that curious development of accessory cavities in the thickened 
area of the right atrial wall occurs, are not represented in Born’s series. Indeed, 
the gap between his models 4 and 6 is very considerable so far as the development 
of the septum spurium and the venous valves is concerned. The fact that neither 
Born nor Tandler make mention of these accessory cavities may be explained 
by the circumstance that the thickened area of the wall in which they appear is 
distinguishable only during a very short period, and so may quite easily be 
missed. 


Model X. 

(B 5/20, 7-5 mm.) (PI. IX. fig. 31.) 

The stages of heart-development represented by Models X. and XI. liave 
already been described by Born and modelled by him (his models 5-7), and 
nearly coiresponding stages of the human heart by Tandler and Watei'Stou 
(figs. 5 12). 

The sinus venosus has diminished in size and occupies a dorso-caudal position, 
above the atria. 

The two atria (PI. X. fig, 33) are delimited dorsally and cranially by a 
shallow, broad, sagittal sulcus, and ventrally by a deep sagittal nptch occupied 
by the bulbus. 

'rhe right ventricle lias expanded ventrally, and still forms the most caudal 
part of the heart. The left ventricle has expanded in a crauio-ventral direction, 
pushing the left atrium into a cranio-dorsal position. The interventricular 
sulcus has extended cranially on the ventml surface of the heart (PI. X. fig. 34), 
replacing and coming into line with the left bunK)-ventriGu]ar sulcus. 

The bulbils has shortened and increased in size. It is now more or less 
circular in cross-section, and fits in the median notch between the ventral parts 
of the two atria. • 

In the interior of the heart the inferior vena cava is seen opening into the 
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oaudal part of the right horn (Pi. X. fig. 31, 1.Y.C.), in line with the sinu-atrial 
opening. The left horn is much smaller than the right, and the transverse 
part of the sinus is reduced. 

The sinu-atrial opening, still pear-shaped, has changed in direction. Yiewed 
from the sinus, it looks medially and to the left as in the preceding stage, but 
its lateral extremity, to which the septum spurium is attached, has moved cranially, 
ns the result of the cranial expansion of the lateral pai t of the right atrium. At 
the same time the receding of the sinus to a more caudal position has carried 
the medial ends of the valves in the same direction. In a later stage, this 
rotation of the sino-atriul opening is continued until it becomes nearly sagittal 
in position. 

Hitherto the right atrium has increased in size mainly by the growth of its 
ventro-lateral region, while the part that lies be ween the septum spurium 
laterally and the septum prim urn medially, viz. the pars iriterseptale, has grown 
but little. In this stage the pars interseptale has expanded chiefly in the 
transvea^e direction. The result of this expansion is that the septum spurium is 
displaced laterally. It now runs obliquely in a latero-medial direction (PI. X. 
fig. 33, S.Sp.) instead of being horizontal as in the preceding two models. More- 
over, its baoe of attachment has been f)erfomted by a large irregular oval fenestra, 
precisely as in Born’s model 6. It uill l>e remembered that in the preceding stage 
only a quite small perforation w.ns present. 

Its cranial surface is continuous with the atrial surface of the left valve; its 
caudal surface is continuous with the atrial surface of the right valve. Its caudal 
border is directed caudo-medial]y,and is on the same level as the cranial end of the 
sinu-atrial opening. 

The septum primum has increased in width, and in its dorso-cranial corner 
there is now present a small perforation, the beginning of the secondary fommen 
ovale (PI. X. fig. 43, S.I., F.0.2). 

The primary foraiiieu ovale is now well defined and lies in the sagittal plane. 
Its cranial border is formed by the septum primum, and its ventro-caudal border 
by a broad band of endocardiac tissue, which is continuous with the ventral 
endocardiac cushion round the atrio -ventricular canal, as will be described in the 
next stage. 

The atrio- ventricular canal (the primitive atrial canal) has become tiansverse 
in position, its ends being expanded. It opens into the cranio-dorsal corner of the 
interventricular opening, its larger part lying to the left of the middle line. 

Endocardiac cushions , — In the last model the dorsal and ventral endocardiac 
cushions were already established on the ventral and the dorsal walls of the atrio* 
ventricular canal, which was then in an oblique position. In this stage the opening 
has become transverse and the two cushions have united laterally, forming a 
horse-shoe with its free ends directed medially and its closed end towards the left. 
The ventral cushion has also extended cranially at the junction of the two atria so 
as to form the ventro-caudal border of the primary foramen ovale. 

In the hulhus the bulbar cushion (PI. X. fig. 43, B..G.) is seen as a horse-shoe- 
shaped hand running along the length of the hulhus, the free ends being towards 
the left. In this stage, two changes have taken place: (1) the horse-shoe has 
divided, except in its cranial region, into two hands ; (2) the two hands have 
undergone a spiral twist. Cranially cushion 1 is ventro-laternl and cushion 3 is 
dorso-medial, whilst caudally cushion 1 is dorsal and cushion 3 is ventro-medial. 
They have also extended for a short distance into the right ventricle, where 
cushion 1, now forming proximal cushion A, is dorsal and cushion 3, now proximal 
cushion B, is ventro-m^ial. 
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Model XI. 

(Ra. G.L., 10 mm.) (Pli. IX. XI. figs. 32, 35, 36, 44. ) 

The chief changes that have occurred in the external appeamnce of the heart 
in this stage (PI. IX. fig. 32) are as follows 

The right ventricle has increased still further in size, partly at the expense of 
the caudal end of the bulbus. The left ventricle also has expanded in the ventral 
and cranio-caudal directions, and now forms the apex of the heart, whilst the 
left atrium has been displaced to a dorsal position. The right atrium has expanded 
in a dorso-ventral direction, so that the latter now projects some distance in 
front of the former. 

Tlie sinus venosus has considerably diminished in size and occupies a position 
(audal to the atria. 

In the interior of the heart still more marked changes have taken place. The 
sinu-atrial opening has been carried to a caudal position by the receding of the 
sinus in that direction. The opening (PI. XI. fig. 36, S.A.O.) iif now a slit-like 
aperture disposed obliquely from right doisal to left medial. 

The two venous valves have now reached their definitive condition. They are 
thin and project freely into the right atrium, their cranial portions curving 
forwards to become continuous with the septum spurium, which now lies in the 
same oblique plane as the valves. The left valve is shorter than the right, and 
has a notch on its free border. This notch faces the secondary foramen ovale, 
and no doubt helps the right valve to direct the blood through that opening. 

The venous valves, it should be noted, have in this stage completed their 
process of rotation, so that the left valve, originally cranial on the right, is now 
situated medially and on the left of the sinu-atrial opening, whilst the right valve, 
originally caudo-medial and left, now forms the right boundary of the opening. 

The wall of the right atrium (PI. XI. fig. 35) has thickened and has 
developed trabeculre, especially in its cranial part, l^he septum spurium is now 
very extensive and shows only two quite small perforations, in marked contrast 
with the huge perforation present in it in the preceding stage. Its position is 
marked on the surface by a shallow sulcus. 

The secondary foramen ovale ^Pl. XI. fig 35, F.O.Il.) has now increased in 
size, and at the same time the primary foramen has been reduced to a transverse 
slit-like channel situated in the A-V endocardiac tissue at the ventral attachment 
of the septum primum. 

The septum secundum (text-fig. 4) appears in a younger stage (embryo G.L. 
8*5 mm.) than the one under consideration as a thickening on the right side of 
the ciEnio* dorsal attachment of the septum primum, as described by Born and 
Tandler. As this attachment begins to break down to form the secondary foramen, 
the new septum grows caudally and ventrally into the right atrium in a sagittal 
plane, diverging to the right from the primary septum (PI. XI. fig. 35, S.2). In this 
model the septum secundum is seen as a well-developed flap extending from the 
dorsal wall of the right atrium a short distance to the right of the septum primum. 

The only noteworthy advance in the left atrium is the appearance of the opening 
of the pulmonary vein at the root of the septum primum, midway between the 
ventral and dorsal walls of the atrium (PI. XL fig. 36). 

In the ventricles the interventricular foramen has narrowed considerably, as 
the result of the growth of the interventricular septum and the thickening of the 
endocardiac cushions. 

The right ventricle has expanded still more in a .:ranial direction at the expense 
of the bulbus. The cranial part of the latter has become divided into ventral 
pulmonary and dorsal aortic channels by the union of endocardiac cushions 1 and 3. 

Eridoowrdiac cushions (PI. XI. fig* 44). — In the preceding stage the dorsal and 
ventral atrio- ventricular cushions had united with each other laterafiy, and the 
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ventral cushion had also extended cranially on to that part of the atrial wall 
bounding the piimary foramen ventrally. In this stage the cushions hare 
extended towards the right so as to enclose the right end of the A-Y opening, and 
their median portions have fused together so as to obliterate the middle part of 
the original transverse A-Y opening, thus leaving its expanded extremities open 
as the definitive right and left A-Y openings. In addition, in the interval between 
this and the preceding stage, the dorsal cushion has extended for some distance 
cranially on the dorsal atrial wall bounding the primary foramen ovale, the ventral 


Text-figure 4. 



Oaxnera-lucida drawings, showing tho development of the septum secundum in a IS-day 
embryo (OX. 8'5 mm.). 
a=r8l. 7, 4, 6 ; 6 =:b 1. 7, 4, 8; e=il. 7, 4, 10. 

cushion having already correspondingly spread on the ventral atrial wall in the 
preceding stage. With these extensions, the endocardiac tissue on the crescentic 
free edge of the downwardly growing septum primum has fused, and the primary 
foramen ovale has become reduced to the narrow transverse canal clearly seen in 
this model (PI. XI. figs. 86 & 44, F.O,I.). Our observations on the A-Y endocardiac 
cushions are in essential agreement with those of Born. 

The bulbar cushions have undergone further development, but their detailed 
relations will not be described in this paper. It need only be noted that all the 
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four distal cushions aro now prosont, and in the most distal part of the bulbus, 
distal cushions 1 and 3 have met so as to separate the ventral pulmonary, from the 
dorsal aortic channel, At the distal extremity of the bulbus these channels are 
continued as separate vessels. 

The ])roximal bulbar cushions A and 6 extend into the right ventricle. Cushion 
A continues on to join the endoc^irdiao cushion on the lateral side of the right 
A-V opening, whilst cushion B continues along the right edge of the inter- 
ventricular septum and joins the fused endocardiac mass situated between the A-V 
openings, the point of junction lying at the left border of the right A-Y opening. 
The prolongation of cushion A is much wider than that of B. The interventricular 
opening is thus surrounded by an oblique ring of endocardiac tissue, which is 
continuous ciunially with the endocardiac tissue round the remains of tlie primary 
foramen ovale. 

A-V bundle , — This makes its first definite appearance in the embryo of G.L. 
8‘5 mm., and is well marked in the present stage (PI. XI. figs. 35, 35, ik 44, A.V.B.). 
It appears as a darkly-stained cord of concentrically arranged cells situated in the 
thickened margin of the septum primuni and surrounded by a narrow zone of 
loosely arranged tissue similar to that of the endocardiac cushions. In the present 
stage it can be followed dorsally from the septum primum, along the medial side of 
the caudal end of the sinu-atrial opening to terminate immediately under the 
endocardiac lining of the dorsal wall of the sinus in proximity to the opening 
of the inferior vena cava. From the septum it is traceable cranially for n short 
distance, just above the interventricular opening, and gradually decreases in size 
until it disappeai's. Whether the bundle arises in situ^ as seems likely, or grows 
from one centre can only be determined by further investigation. 

Summary. 

A resume of the tubular stage has already been given on pp. 764-7. 

In the transition from the tubular to the definitive stage of the heart, two 
important events liave taken place ; (1) The division of the hitherto undifferentiated 
sinu-atrial cavity into sinus venosus and atrium, and (2) tlie division of the latter 
cavity into right and left atria. 

In Model Y. (PI. YII. figs. 25, 26) the sinu-atrial region has grown 
considerably to form a large thin-walled cavity, its myocardiac and endocardiac 
layers being in contact with each other. The ventricles are in the form of a U- 
shaped tube; the left limb of the XJ is continuous with the sinu-atrial cavity 
by a constricted piece situated in a horizontal plane, the forerunner of the atrial 
canal. The right limb of the U passes into the bulbus, which runs in a dorsal 
direction. This phase of development has been observed in the 9-day embryos 
with between 20 and 30 somites. 

During this phase a crescentic fold appears on the left lateral side of the 
caudo-dorsal comer of the sinu-atrial cavity ; this is the beginning of the separation 
of the sinus from the atrium. Concurrently with the appearance of the fold, the 
left umbilical and omphalomesenteric veins begin to diminish in size. 

In Model YI. (PI. YIII, figs. 27, 28) the division of the simi-atriai cavity into 
sinus and atrium is nearly completed, and the division of the latter into right and 
left atria has begun. 

The sinu-atrial junctiion is now marked by a well-defined opening on the right 
side of the middle line; the left umbilical and omphalomesenteric veins have 
grejitly diminished in size, while the corresponding right veins have increased. 

The commencing division of the atrium into right and left chambers is initiated 
by the appearance of the septum primum. In Model YI. the septum is represented 
by an infolding in the sagittal plane, extending over the dorsal, cranial, and ventral 
walls of the atrium. The cranial and ventral parts of the infolding correspond to 
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the depression caused by the lodgment of the bulbus. The dorsal part is in a line 
with the attachment of the dors^ mesocardium, wliich is now present in the sinus 
region only. 

With the appearance of the septum primum, the two atria begin to increase in 
size. The left increases by simple expansion of its wall, whilst the right increases 
partly by simple expansion, and partly by the addition of two accessory cavities, 
one larger than the other, in a localiz^ thickening of the myocardium in the 
region of the right sinu-atrial junction. 

The medial walls of these accessory cavities break down and the cavities become 
incorporated in the rest of the atrium, but the door of the first cavity persists and 
becomes the septum spurium. This peculiar development of the right atrium has 
been observed in all the 11 -day and the early 12-day embryos examined, and 
has been discussed in detail under Model VIII. 

In Model VII. the atria have undergone rotation, so that they now lie cranially 
to the ventricles. The rotation has taken place around a transverse axis passing 
through the atrial opening of the atrial canal. 

The sinus venosus reaches its maximum size in the stage of Model VI. when 
the differentiation of the sinu-atrial region is nearly conijdeted. The right honi is 
larger and more cranial than the left. In the stage of Model VJll. (11 days), the 
sinus begins to diminish in size, and the two horns lie on the same level. Tn the 
last Model (XI.) the sinus is greatly reduced in size, and Las receded to a position 
dorso-caudal to the atria. 

The siuu-atrial opening at its first appearance in Model VI. is large and 
more or less circular in outline, and occupies practically all the fioor of the 
right atrium. It is encircled over the greater part of its periphery b^i the right 
anil left venous valves. The right lies caudal and ventral to the left. In later 
stages the opening becomes first oval, then slit-like in shape, and its position 
gmdually changes till it becomes more or less sagittal and caudal in relation 
to the atrium. The two valves thin out, and in the last model come to occupy 
a right and a left position in relation to the opening, thus having completed 
their rotation. The left valve was originally cranial and on the right, and the 
right valve caudo-media) and on the left (in Model VIII.). 

After the completion of the right atrium in the st^e of Model IX. its viall 
begins to thicken and to develop trabeculie ; the septum spurium reaches its cranial 
limit aud is marked by a sulcus on the surface. Iii the left atrium the pulmonary 
vein opens at the root of the septum primum, midway between its dorsal and 
ventral attachment. 

The septum primum makes its first appearance in the stage of Model VI. It 
extends caudally as a median partition between the cranial parts of the two atria, 
its free border forming the cranial boundary of the primary foramen ovale. In 
the last model the foramen has become reduced to a narrow channel surrounded 
by endocardiac tissue. 

The secondary foramen appears first in the stage of Model X. in the ci-anio- 
dorsal attachment of the septum primum. Also at the same time, the septum 
secundum appeal's as a thickening, on the right side the attachment of the septum 
primum. In the last model (PI. XI. fig. 44) the secondary foramen is a large 
oval opening, the primary foramen is reduced to a narrow transverse channel, and 
the septum secundum appears as a well-marked flap lying on the right side of, and 
diverging from, the septum primum. 

In Models V. and VI. the two ventricles are separated from each other by the 
left bul bo- ventricular sulcus, their caudal ends being joined together by a trans- 
verse segment. In Model VII. the interventricular sulcus makes its first 
appearance and is confined to the ventral surface. In later stages the sulcus 
extends in horse-shee fashion — i, venti-ally, caudally, and dowally. This sulcus 
oorresponds to an infolding of the myocardium, forming the interventricular 
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septum. In Model X. the interventrieular opening is circular in form and lies 
cranial to the septum. It is obliterated in the last stage by endocardiac tissue. 

The bulbus in the early stage (Model Y.) bends dorsally. It gi'adually straightens 
and rotates with the right ventricle to the ventral aspect of the heaH. As the 
right ventricle extends cranial ly, the bulbus becomes shorter and less distinguish- 
able from it on the external surface. 

The endocardiac cushions make their first appearance in Model Yll. The 
atrio- ventricular cushions appear as two pads, respectively dorsal and ventral to 
the A-Y opening. The bulbar cushion appears as a horse-slioe-sliaped band 
on the right side of the bulbus. 

The two atrio-ventricular pads join at their ends in Model X., then medially 
in Model XI. ; in so doing they surround the right and the left atrio-ventricular 
openings on both sides, and fill up the primary foramen ovale in the middle. 

The bulbar cushion divides into two bands. These extend caudally into 
the right ventricle, and in so doing undergo a spiral twist, so tiiat when they 
reach the ventricle the right band (A) becomes right-dorsal and the left band 
(B) becomes left-ventral in position. The former joins the right end of the 
cushion surrounding the right A-Y opening, and the latter runs along the free 
border of the interventricular septum to reach the median mass of endocardiac 
tissue situated between the two A-Y openings. The cranial parts of the bulbar 
bands in Model XI. are right and left in position, and constitute distal bulbar 
cushions 1 and 3 respectively. From the right (1) distal bulbar cushion (4) 
arises, and from the left (3) distal bulbar cushion (2). 


Conclusions. 

My observations would appear to support the following conclusions : — 

(1) The caudal constriction forms the caudal limit of the heart primordium ; 
a similar constriction forms the cranial limit. Between these two constrictions 
all the parts of the heart are developed, with the exception of the sinus venosus, 
which forms in large part from the cranial end of the right vitelline vein. 

(2) Each half of the adult mammalian heart arises from the cardiac tube of 
the corresponding side — i,e,, the left atrium, the left ventricle, and the intra- 
pericardial part of the aorta arise from the left cardiac tube, and the right 
atrium, the right ventricle, and the intrapericardial part of the pulmonary 
artery arise from the right cardiac tube. 

I wish to thank Mr. A. K. Maxwell for the drawings of the models, and 
Mr. F. J. Pittock for the photomicrographs appearing in this paper. 


EXPLANATION OP THE PLATES. 

Plats I. 

Pig. 1. Model I., myooardiao tubes (B 273, 8 days 20 hrs., 10 somites). 

2. Model I. a, endooardiao tubes (B 273, 8 days 20 hrs., 10 somites). 

3. Model XL, myooardiao mantle (B280D, 8 days 20 hrs., 11 somites). 

Plati n. 

Pif . 4. Model II. a, endooardiao tabes (B 280 D, 8 days 20 hrs., 11 somites). 
5. Model ni., myooardiao mantle (B 278A, 8 days 20 hrs., 12 somites). 
7. Model m. a, endooardiao tabes (B 278 A, 8 days 20 hrs., 12 somites). 
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piiATB m. 

Fig. 6. Model III., left latexal Tiew. 

8. Model III. a, left lateral view. 

9. Model m. a, right lateral view. 

Plate IV. 

Fig. 10. Model IV., myooardiac mantle (B 200, 9 days, 18 somites). 
II. Model IV. a, endooardiao tubes (B 200, 9 days, 13 somites). 
13. Model IV. a, caudal view. 

Plate V. 

Fig. 14. Photomicrograph of section (si. 1, 5, 8) from Model 1. 
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Plate VI. 


Fig. 19. Photomicrograph of section (si 2, 5,|8) from Model III. 
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Plate VII. 

Fig. 2S. Model V., yentral view (B 253, 9 days 10 hrs., 21 somites). 

26. Model V., dorsal view. 

Plate VIII. 

Fig. 27. Model VI., ventral view (B 275, 10 days 18 hrs., 34 somites). 

28. Model VI., right lateral view. 

Plate IX. 

Fig. 29. Model VI., view of cavity. 

80. Model VII., ventral view (B6, 11 days, 39 somites). 

31. Model X., ventral view (B 5/20, G.L. 7*5 mm.). 

82. Model XI., ventral view (B a, G.L. 10 mm.). 

Plate X. 

Fig. 83. Sectional view of Model X. 

84. „ „ ,1 „ 

87. Photomicrograph of section (si. 4, 2, 3) from B 254, 9 days 10 hrs. 


88. 

II 
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Model VI. 
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II 
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B 215, 10 days. 
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Model X. 


(Figs. 88->86 are reproduced from figures prepared under the direction of Prof. J. P. Hill. ) 

Plate XI. 

Fig. 35. Sectional view of Model XI. 

36. ft t* »» »i 

40. Photomiorofzaph of section (sL 2, 6, 18) from Model VII. 

41. „ „ (si. 8, 1,15) „ Model VII. 

42. „ n M (eh 4. 5, 14) „ Model IX. (B5~20, G.L. 7 mm.). 

44. „ „ „ (si. 10, 2, 8) „ Model XI. 
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AiibnmatMnt. 


A.A.=; Aortic arch. 

A.CJ = First aooesBory oaTity. 

A.C.II.= Second accessory caviiy. 

Atr srAtrinm. 

Atr.C. = Atrial canal. 

Atr.C.G.- Groove of atrial canal. 

A. P.~ Anterior intestinal portal. 
A-V.B.=Atrio-rentrioi 2 lar bundle. 

B. 0.=Bulbu8 cordis. 

B-V.S.=Bulbo- ventricular sulcus. 

Cr.C.= Cranial constriction. 

Cd.C.= Caudal constriction. 

D. C.—Buct of Cuvier. 

D. M.=: Dorsal mesocardium. 

E. C.=Endooardiao cushion. 

E. L.T.^ Enlargement of caudal end of loft 

tul^. 

E. T.t^Endooardiac tube. 

F. G.= Fore-gut. 

F. 0.I.= Primary foramen ovale. 

F. 0.I1. = Secondary foramen ovale. 

G. L.T.= Groove between atrium and sinus 

region of loft tube. 

I.S. » Intertubular sulcus. 

I.S.B.= Intertubular sulcus and ridge. 


I V.C.ss Inferior vena cava. 

I.V.S.= Interventricular sulcus. 

£.V.Sp.=s Interventricular septum. 

M.C.P.=: Middle cardiac plate. 

M .T. = Myocardiac tube. 

O. y.=: Omphalomesenteric vein. 

P. S. = Pars interseptale. 

8.1.=::: Septum primum. 

S.1I.=. Septum secundum. 
S.A.C.=Sinu-atrial cavity. 
S.A.J.=Sinu-atrial junction. 
S.A.O.=Sina-atrial opening. 

S. A.H. = Sinu-atrial region. 

S.Sp.=: Septum spurium. 

S. Tr.= Septum transversum. 

S.V. = Sinus venosus. 

T. Gr.=: Transverse groove on bulbns. 

U. V. =r U mbilical vein. 

V. = Ventricle. 

Vt.V.= Vitelline vein. 

VtV.Cr.= Cranial end of vitelline vein. 

V.Vl.B. A V. Vl.L. Bight and left venous valves. 
(B)= Bight. 

(L)=:Left. 
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35. Note on the Tail Skelntoii oF Lepidosiren paradoxa^ with Boinarka on 
tlie Affinities of Palwnspondplus. By Aqnbs E. Miller, M.A.*, 
University of Glasgow. 

[Beceived May 5, 1930 : Bead June 3, 1930.] 

(Plate I.t; Text-figures 1-5.) 

A well-known and interesting characteristic of modern Dipnoan fishes is the 
presence in the tiiil legion of a number of blocks of cartilage presenting ii super- 
ficial resemblance to vertebral centra, which are otherwise conspicuous by their 
absence in that group. The purpose of this note is to make known the main 
results of a detailed examination of the structures in question as they occur in the 
South American Lungfish, Lepidosiren paradoxa. 

Tlie typical adult condition is shown in Plate 1., where the notochord 
enclosed in its cartilaginous secondary sheath is seen to be continued towards the 
tip of the tail by a series of thirty-six cartilaginous blocks closely resembling 
typical vertebral centra. The number of such blocks shows gt*eat differences in 
different individuals, and it is impossible to decide upon any particular number as 
being normal,’’ owing to the fact that the tip of the tail, and indeed the tail 
region generally, is exceedingly liable to damage, and has in the great majority of 
specimens been secondarily shortened by disease or other injury. 

The question now presents itself — Is the resemblance of the blocks of caHilage 
to vertebral centra merely superficial, or is it fundamental ? The importance of 
this question will be recognized when it is recalled that every zoological text-book 
gives us one of the main Dipnoan characteristics that their axial skeleton is devoid 
of centra. 

The- obvious course is to turn to the evidence of embryology for the answer. 
In text-fig. 1, a reconstruction drawing from a young Lepidosiren of stage 37, there 
are present in all twenty-four blocks of cartilage, extending from the end of the 
notochord to the tip of the tail. 

From the next illustration (text-fig. 2), which shows the hind end of the 
notochord and the first of these cartilage blocks, it is obvious that the entire series 
of cartilage blocks lies quite outside the notochordal sheath. The notochord itself 
comes to an abrupt end, and the primary sheath is to be observed terminating in 
the substance of the first cartilage block of the series. 

In this particular section the cells of the notochord have shrunk away some- 
what from the primary sheath, ^yhich nevertheless is obviously vanishing off in the 
substance of the first of these cartilage blocks. 

Text-fig. 3, a section through the tail of a young VrotopUruB of 96 mm., 
makes quite clear the fact that the cartilage of the secondary sheath is continuous 
with that of the first cartilage block of the series. 

The possibility that these cartilaginous centra are not normal, but due to 
regeneration, is naturally suggested by the appeamnee of such sections (c/. also 
Plate I.), and it is not lightly to be dismissed. It should be said, however, that 
although the tip of the tail is exceedingly liable to injury during the life of the 
Ijepidosirm^ examination of large numbers of individuals of early stages from 
about stage 32 onwards bas failed to disclose a single one in which the segmental 

* Commimioated by Prof. J. Gbaham Kbbb, F.B.S., F.Z.S. 
f For explanation of the Plate, see p. 789. 



Lepidoavnn lanra of stage 37. End of notochord as seen in longitudinal seotian under 
high power (oo. 2, Zeiss D). 

c, first cartilage block of series ; eh,, notochord ; sp,c,, spinal cord. 


Text'figure 3. 



e. c. 


Tail of young Protoptmu of 96 nun., an seen in longitudinal section. 

0 ., first oartUage block of the series ; primary sheath of the notochord. 
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blocks of cartilage wore absent. The really important point is that here in the 
tail region of those Lungfish we have present an innate tendency towards the 
production of segmentally arranged blocks of cartilage; the question whether 
injury followed by regeneration is normally required for this tendency to find full 
expression would, even if answered in the affirmative, be of minor though still 
considerable interest. In this connection it is worth recalling that the young 
Lepidosiren of stage 32 have not yet reached a condition of development when they 
are capable of biting, so that the risk of such injury between stage 32, when 
cartilage blocks are first quite definitely to be observed, and stage 38, when the 
jaws are sufficiently developed to enable the creature to feed, is considerably 
lessened. 

So far as my investigations go, there are no definite cartilage blocks present 


Text-figure 4. 




A. Loiifiritudinal aectioxi through tail of Lepidosiren larva of about stage 31. B. Part of A more 
highly magnified, showing connective tissue becoming converted into cartilage. 

(Letters as on previous text-figures.) 

before stage 31, although at this stage it is becoming obvious that the connective- 
tissue cells at the end of the notochord are becoming converted into cartilage (text- 
fig. 4). 

It has been stated by Gadow that the notochord of the Dipnoi is potentially 
chordo-centrous on account of the fact that the chordal sheath is partly carti- 
laginous, and in spite of the fact that it shows no trace of division into vertebrsD. 
It seems, however, that the conception of a centrum derived entirely from the 
chordal sheath is somewhat hypothetical, since not only is the chondrification of the 
secondary sheath affected by the immigrant cells from the cartilaginous arch 
elements which have broken through the primary sheath, but in the case of 
Elasmobranchs the spreading bases of the arch elements come to envelop the 
whole notochord with its sheaths in a layer of external cartilage. While in early 
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stages the primary sheuth forms a distinct boundary between the two layers of 
cartilage — of sheath and arch origin respectively — this tends to disappear later, 
and it becomes quite impossible to say where the one ends and the other begins. 
Further, the general facts of comparative embryology impress upon us the very 
much greater evolutionary importance of the arch centrum as compared with the 
sheath centrum. 

The general impression borne in upon me by my study of these blocks of 
cartilage in the Dipnoan tail is that we are not justified in refusing to them the 
term “ veHebral centra,” and that in consequence we should define Dipnoi not as 
fish without Vertebral centra, but rather as fish in which there are present 
vertebral centra only towards the tip of the caudal region. 

If we consider the presence of these centra from the point of view of evolution, 
we cannot but remember that the normal condition is for the vertebral column to 
be homogeneous from end to end. This at once raises the question as to whether 
the segmentation of the vertebral column towards the posterior end of the 
Dipnoan body is an incipient stage in the segmentation of the axial skeleton, 
or whether it is the last remnant of a segmentation which once extended 
throughout the body. This morphological problem must be kept in relation to 
physiological considerations. In the living Dipnoan the creature still retains the 
primitive vertebrate method of progression by passing waves of lateral flexure back 
along the length of the body, so that there is in these animals, so far ms surviving 
members of the group are concerned, none of that concentiation of propulsive 
force at the hinder tip of the body which finds its expression in n spread-out 
caudal fin. 

This consideration renders it improbable that the tail region of the Dipnoi is 
in any active condition of forward evolution ; an<i indeed tlio probability lies in 
quite the opposite direction, namely that the terminal region of the body is of no 
functional significance, and therefore degenerative. One may recall the apparently 
meaningless growth in length which often takes place in tlie young Dipnoan, as 
for example in the young PvoiO'pUrxiB^ where the tiiil region may grow out into a 
filament as long as the body. The tendency towanls segmentation, which becomes 
visible in the Dipnoun in this terminal part of the tail free from adaptive necessity, 
seems to fit in moj>t easily with the hypothesis that Jiere we have the last vestigo 
of a once segmented condition of the vertebral column as a whole. The f)aucity 
of corroborative evidence from the aide of palseontology ceases to be a formidable 
difficulty when we bear in mind, firstly, that uncalcified cartilaginous centra are in 
the highest degree perishable, and, secondly, that the vertebral column of ancient 
Dipnoans is so generally concealed in a body the outer layer of which consists of a 
thick coating of calcified scales. 

The possibility that a completely segmented vertebral column may have been 
the condition in the ancestral forms of the modern Dipnoi would have an 
interesting bearing upon the problem of the affinities to this group of that much 
discussed fossil enigma, Paloeospondylus gunni. 

To the opinion still held by various palaeontologists, following Tracjuair, its 
original describer, that this creature is to be classed as a Devonian representative 
of the t"yclostomata, there are several objections, one of the most serious being 
that Palceospondyhia shows a completely segmented and apparently chordo-centrous 
vertebral column. 

Professor Graham Kerr, in pointing out many years ago that the afiinities of 
this creature were strongly Dipnoan, found the most important argument against 
this view in the fact that PaimoapondyluB possessed definite vertebral centra. 

It may be recalled that PaUeoBpmidylm w^as first described by Traquair in the 
* Annals and Magazine of Natural History,’ ler. 6, vol. vi., having been got from 
the Achanarras quarry, near Thurso. This great authority on the palsoontology of 
fishes concluded that it was a ** primitive lamprey.” Professor Kerr, as a member 
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of the Royal Physical Society and a personal friend of Traquair, was particularly 
interested in Pal4B08pondylu8^ and had the main facts of its structure clearly in 
mind during his second Lepidosiren expedition, 1896-97. While on that 
expedition it happened that a particular batch of small Lepidosiren larvae were 
dead when brought in and were just put on one side; by next morning the 
specimens were completely macerated and, on pouring away the water, there were 
found merely skeletal remains. In such specimens the limbs and limb-girdles 
being free from the axial skeleton had naturally disappeared, and the same applied 
to the massive lower jaw, which drops off, along with, as a rule, the branchial 
arches, at an early stage of maceration ; in addition, the bars of the olfactory 
capsules were commonly frayed out into little tags projecting from the front end 


Text-figure 5. 



A. Macerated skull of larra, ventral view. B and C. Specimens of PnlwospondijUiB, 

after Traquair. B. Borsal view of olfactory capsule of Lepidosiren larva. E. Front end 
of skull of PalseoepondyluB^ after Bashford Beau. 

k., byoid ; o., olfactory capsule ; o.r., occipital rib ; p., paraspbenoid ; tooth-plates. 


of the skull (text-fig. 6, A, o). The appearance of Lepidosiren skeletons in this 
condition suggested irresistibly those of so many specimens of Palceospoiidylus, 
Professor Kerr, after his many years of research upon the morphology of the 
Dipnoi and other lower vertebrates, adheres to the opinion tliat it is quite unjusti- 
fiable to hold that PalcBOspondylus is anything else than a member of that group 
of primitive fishes to which we apply the name Dipnoi. 

In estimating what weight is to be attached to this opinion, we cannot ignore 
the fact that its protagonist is probably the only living morphologist who has 
had the opportunity of examining large numbers of small Dipnoan skeletons 
in that macerated condition, which provides the usual material for fossil remains. 
Fboo. Zool, Soo. — 1930, No. LI. 51 
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On account of the great interest taken by ^lieontolagists in Palmonspiyndylu^ 
I will summarise shortly the interpretation of its representations by Traquair that 
would be given by one familiar with Bipnoan embryology. I confine myself 
naturally to the representations of actual individual specimens and ignore figures 
expressing theoretical interpretations. 

In text-fig. 5 there are reproduced in outline (B and C) Traquair’s figures of 
two of kis most perfect specimens, and alongside (A) 1 give an outline of what 
appear to be the corresponding structures in Lepidosiren as shown by the macerated 
skeleton of a young specimen. To facilitate comparison 1 have made the text- 
figures of approximately the same size, although in actual fact Palaospo'tidylm is 
much smaller. 

Two bones (text-fig. 5, B; A.) correspond in position, shape, and relative size to 
the hyoid arch of Lepidosiren ; of this one feels more particularly assured by 
Dr. Traquair*s statement that we are viewing the ventral surface of the skull of 
Pcdceoapondylua, In the second specimen (C) there is again a structure showing 
strong resemblance in shape, position, and relative size to the parasphenoid bone 
(p.) of Lepidosiren ; while marks further forward recall the characteristic tooth- 
plates (^.) of the Dipnoi. 

The tags (“ cirri’' of Traquair) seen projecting from the front end of many 
specimens of Palcnoapondylus (o.) are represented in the macerated Lepidoairmi by 
the remains of the cartilaginous trabeculie of the olfactory capsule ; and in this 
connection it is of interest to observe that Bashford Dean figures a specimen of 
PalcBoapondylus (text-fig. 5, E) in which the front end of the head skeleton is 
limited by a curved bar. The figure of the front end of a Lepidoairen larva head 
(text-fig. 5, D) shows how closely this agrees with the cartilaginous support of tlie 
olfactory capsule before it becomes frayed out in the process of maceration. 
Perhaps the most characteristic single feature of Pakeospoudylua is the pair of 
elongated structures (o.r.) attached to the skull one on e.-ich side posteriorly. The 
Dipnoi alone amongst vertebrates are characterised by a pair of elongatetl bones 
(o.r.) attached to the skull, one on each side posteriorly — the enlarged ribs of the 
occipital vertebra, which has become fused with the cranium. Graham Kerr 
homologises these Pakvioapondylua structures with those occipital ribs— a possibility 
which is also contemplated by Bashford Dean. 

W. J. and I. Sollas believe the structures in question to be attached to the 
“ last branchial arch,” One is justified, however, in being somewhat sceptical as 
to this, owing to the liability to error inherent in the wax-plate method of 
reconstruction, more especially when applied to the macerated and crusheil 
remains of fossil organisms. Even if the Solhises were correct as to the attacli- 
ment of these rods to a branchial arch, they might quite possibly represent the 
skeletal support of external gills, such as are to be seen in an incipient or a 
vestigial form in the external gill of b. yoxmg Polypterus^ iov external gills are 
known to exist in the larva) of two of the three living Dipnoi ; and now that we 
know more regarding the morphology and development of external gills, there 
seems every reason for regarding them as archaic organs and by no means modern 
adaptations. 

Enough has, I think, been said to bring out the strong resemblances between 
tlie skeleton of Palmoapondylm and that of the modern Lungfish, and to justify 
of us in the belief that PaUeoapondylua was simply a small-sized Dipnoan. 

The most conspicuous difficulty in the way to this conclusion is, as already 
indicated, the completely segmented vertebral column of PaloBoapondylua ; but even 
that difficulty, such as it is, would be removed if we accept the view supported in 
this note that the blocks of cartilage in the tail of the modern Lungfish are to be 
regarded as a vestige or a reminiscence of an earlier segmented condition of the 
whole vertebral column. 
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EXPLANATION OP THE PLATE. 

Tail of adult Lepidoairen dissected to show vertebral column and cartilage blocks. 


61 * 





P.Z.S. 1930. MANTON. PL 



'Jilt' Halt lone Lmnavnui In. lid, London 


DORSAL VIEW OF DARK VARIETY OF AtKispidcn Uut manidc , 





LATERAL VIEW OF DARK VARIETY OF Aud-SpidcS tUSmanidC. 






LIGHT VARIETY OF Aiiuspidcs tusmaniac. 



THE HABm liro rSlDlEO MBCBikiriftlfB OF IKASPXIWI AND PANAKA8P1DE8. 791 


36. Notes on the Habits and Feeding Mechanisms of Anaifndet and 
Paranaspides (Crustacea, Syncarida). By S. M. Manton, M.A., Ph.D., 
F.L.S. (Demonstrator in Comparative Anatomy in the University of 
Cambridge and Fellow of Girton College) *. 

[Beesired March 1, 1980 : Bead May 6, 1930.] 

(Plates I-.IV. t ; Text-figure 1.) 

Inteoduction. 

A preliminary account of the probable methods of feeding of Ptiranctspides, 
Anaspides, and Koonunga and the structure of the limbs concerned has already been 
given (Cannon and Manton, 1 929). These results were based on an examination 
of preserved material. In 1929, with assistance from the Balfour Fund, I was able 
to spend some time in Tasmania and examine Paranaspides in the Great Lake and 
Anaspidea on Mount Wellington under mitural conditions. My thanks are due 
to the Trustees of the Balfour Fund for enabling me to carry out this work, and to 
Professor Thomson Flynn for his never-falling assistance while I was working in 
Tasmania. The Hydro-electric Departtnent of Hobart provided me with the use of 
their launch on the Great Lake, and through their assistance Paranaspides^ now 
nearly extinct, was obtained. 

Habitat op Paranaspides, 

Paranaspides used to be found abundantly in the Great Lake of Tasmania 
situated at a height of 3700 feet and water-depth of about 20 feet. The littoral zone 
of the lake in many parts was clothed with a rich growth of weeds, and among the 
weeds Paranaspuks could be found in plenty (PI. I.). The Ainphipod Phreatoicus 
was also abundant, and these two Crustacea were considerably preyed upon- by 
the brown and rainbow trout which have been introduced into the lake. During 
the last few years a dam has been built across the southern outlet of the lake, raising 
the water-level of the lake by about 33 feet. The lake area has been much increftsed, 
but the shore-line is of about the same length owing to the obliteration of many 
bays and promontories. This altemtion of water-level has had a profound effect on 
the biology of the lake. The sudden deepening of the water and drowning of the 
old shore-line resulted in the dying off of nearly all of the old weed-growth round 
the shores. The formation of new lake-bottom in the present littoral zone is a very 
slow process, and has as yet hardly begun. This zone is composed of dense uncleared 
gum-forest or rough country now covered with a few feet of water. Fresh weed- 
growth on the new banks of the lake has not yet begun, and weeds are now very 
scarce in the lake. 

As the weeds disappeared so Paranaspides also became scarce, and in 1929 it 
had not been seen for several years. It could not be found at the south end of 
the lake, and was absent from the stomaeh-contents of trout caught in this region 
in January 1929. At the northern end of the lake a patch of weeds was found 
near the old shore-line over a region originally a few feet deep. Repeated trawling 
over these weeds with a small net secured one adult Paranaspides and several 
immature specimens. Trout caught in this paH of the lake were said to be feeding 
partly upon Paranaspides, 

* Gommunioated by L. A. Borradaile, M.A., F.Z.S. 
t For explanation of the Plates, see p. 800. 
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l^hreatoious^ unlike Pa/ranmpideBi has been able to accommodate itself completely 
to the chnnged conditions. It lives on the bottom mainly under stones, lying 
siilew'iiys against tiie surface of the stone. All round the new shores of the lake 
Phreatoicus is abundant, and in January 1929 appeared to be the only organism of 
any size present in large numbers near the shores, apart from plauarians, which 
were common in places. In parts of the lake Phreatoicua appeared to form the 
bulk of the trout food when the fish were not feeding largely on caddis-fiy. 

Besides these changes in the littoial regions of the lake the open water has also 
been affected by the altered conditions. G. Smith reports (1909, p. Sii) “ that the 
amount of . . . plankton ... is very small in the Great Lake. The churning up 
of the bottom by storms over the shallow waters was suggested by Smith to be the 
cause of the scarnty of plankton. Now the lake supports an abundant plankton 
composed at the north end in January 1929 almost %i\tirei\y oi Daphnia couriata. 
This rich growtl) may have been induced by the supply of phosphates and other 
matter washed into tlie lake from the newly submerged banks. 

As normal conditions become re-established in the lake, weeds will probably 
become less restricted. It is to be hoped that with the spreading of weeds Paran- 
aspidea will recolonise the lake and spread from its present restricted distribution. 

Habits of Pamanaspides, 

When placed in aquaria provided with weeds from the lake, Parcmaapidea was 
usually to be found clinging to the weed in a shrimp-like manner with its thoracic 
legs, or to be gently swimming about among tiie weeds. It showed no tendency 
to leave the weeds, and immediately sought lefuge among them if forcibly removed. 
When alarmed Paranaapidea executes powerful and rapid jumps, and may even 
I mp out of the water in a tank. 

The immature animals show two colour varieties, one mainly green and the 
other brown. The single mature specimen was brown (PJ. J.). The mus- 
culature and cuticle are transparent, as in many marine Mysids, and when the 
animals are quiet among weeds they become very inconspicuous. Doubtless both 
Parmutapidea and Phreatoima enjoy a certain amount of protection from predatory 
fish by the habit of living among weeds and under stones respectively. 

Swimming is carried out mainly by the pleopods, whicli project more laterally 
than ventrally. During gentle swimming the rate of beat of the pleopods is about 
120 times a minute. The thoracic exopoilites project latex*ally and forwards, 
with the tips curled dbrsally (PI. 1.). They are continually in motion, hut the 
beat is a simple antero-posterior swing, not a circular rotation as in a Mysid or 
Eupbausid. The usual rate of beat of the exopodites is about 2r)0- 300 times a 
minute, and generally they beat independently of the pleopods, although occasionally 
exopodites and pleopods may beat in series with one another. 

The feeding mechanism of Paranaapidea is not utilized exactly in the manner 
previously suggested (Cannon and Manton, 1929). The maxilhiiy filtering 
mechanism is described (Cannon and Manton, 1929, pp. 177-79), and it is operated 
just as in a Mysid. It is, however, laj'gely unaided by a food -bearing stream of 
water from the thorax. As in a Mysid the mouth-parts are usually in rapid 
motipn, and if an animal is placed in a suspension of stai^ch -grains or iron 
saccharate, the stomach is speedily filled witli these substances. Hectious of an 
animal kept in an iron saccliarate suspension show that the pai-ticles, rentlered 
blue by tre^itment with ferrocyanide, take the same course through the mouth- 
parts to the oral cavity as in Hemimyaie. The detailed movements of the mouth- 
parts resemble those of Anaapidea^ which will be considered fully below (p. 797). 

It was suggested that the exopodites might produce swirls laterally as in 
Uemimyaia^ which would suck in food-l)euring streams of water to the mid-ventral 
gi'oove between the thoracic legs (Cannon and Manton, 1929, p. 179). However, 
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with the simple autero-posterior beat of tlie exopodites there is no tendency for 
water to be forced between the limbs as in a Mysid or Eupbausid showing a rotatory 
beat of the exopodites. Stained starch-grains may be seen to flow slowly through 
the interdimb spaces on either side and through the ventral groove between the 
limbs, but this takes place in either direction. During swimming the forwardly 
directed epipodites must direct some water into the inter-limb spaces, and the 
bases of the trunk-limbs also beat obliquely inwards and forwards. Thus it is possible 
that a feeble food-bearing current may be produced at times along the ventral 
groove. However, the efficient filtratorv feeding is mainly due to the independent 
action of the maxillary Altering mechanism. 

Besides Altering the surrounding water, Paranaapidea also eats the slime, 
detritus, and diatoms covering the narrow stems of the weeds. This matter is 
mainly swept up by the broad setose flanges on the pnriscliia of the first trunk- 
limbs. The Avhole limb vibrates, and the flanges from either side meet ventrally, 
shuffling across the other mouth-parts, whicli may be stationary if no food is being 
obtained. The soft particles so dislodged are swept between the distal setose 
endites of the maxilla and maxillule. The bases of the first trunk-limbs are held 
closely togethei*, preventing backward escape of particles, which are then transferred 
to the mouth as in a Mysid. The stomach-contents of Paranaapidea consisted of 
an unrecognizable mass of detritus, finely divided and containing numerous diatoms. 

Habitat of A naspidks, 

A^iaspidea occurs in all the streams and pools upon Mount Wellington which 
are provided with flowing water. Tlie animals are present abundantly on the 
plateau on the top of the mountain and in tlic upper parts of the streams above 
1400 feet, hut can also be found at lower levels. On tlie plateau known as the 
Plains” arise rivulets forming the source of the North West Bay River, and 
here d reaches its largest size. In this locality the animals are all dark in 
colour, an olive-green or dark brown (Pis. ]!.& III.). In the streams below the 
“Springs,” such as in Fern Tree Bower (Jreek or S. Crispin's Well Creek, the 
animals are not so large at maturity and are all of a light brown colour (PI. lY.). 

The pools u])on tlie “ Plains ” at a height of about 3()()0 feet are variable in 
appoaninoe, and all iliose that are permanent are liable to haiboiir the mountain- 
shrimp. 'File eastern part of the Plains is hedged by higher ridges up to 4000 feet 
ill height, forming the w'atershed. Rain collects in the basin-shaped plateau, 
forming bogs ami transitory pools in the higher parts to the east. The boggy land 
drains away to the south-west, and is covered with peimanent small pools of 
variable water-level. As the level of the Plains slopes gently downwards the pools 
empty into one another by short falls of a few inches, and definite springs make 
their appearance, giving origin to tumbling streams. The pools vary in size from 
1-12 yards in length, and may be a few inches to 2-3 feet in depth. They are 
isolated from one another in summer, except for the water trickling from one to 
another througli the soil and grasses. The temperatui’e of the water in the upper 
pools varies with the weather conditions from 7®-14°C. during the daytime in the 
summer. The water in the stream never becomes so waim as in the shallow 
exposed pools. Tlie whole region is under snow in the winter for 3-4 months. 

The f>ools in the stream and above it are generally dark in colour, owing to the 
dark green weeds and moss richly overgrow'ii with dulbcoloured algte and detritus 
in the upper pools, and partly to the usual rippling of the water surface by the 
wind. AnaapideB is found abundantly in pools provitled with a soft muddy bottom 
partly covered by plant-gi'ow^th. Some of these pools appear a grey-green in colour, 
while others are covered with a red-brown deposit. Anaspidts does not occur in 
pools devoid of plant-growth, and cannot usually be found w^here there is a clean, 
bright green, moss-covercd bottom. In the main stream itself the plant-growth is 
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less dirty in appearance, but the rocks all hear an algal growth, and the mud-bottem 
is of si miliar appearance. 

Anaspides breeds in the main stream and in the bog-pools. During January 
and February adults up to 38 mm. and small forms 7-15 mm. in length could be 
found, but the smallest individuals were only present in the main stream, where 
the water is cooler. Possibly the breeding-season is later in the cooler water 
of the main stream. 

In the streams flowing down the slopes of Mount Wellington the growth of 
weeds and moss over the bottom is usually considerably lighter in colour than in 
those on the top of the mountain, and in sheltered basins, with an undisturbed 
water surface and more abundant growth of filamentous algee, the general 
coloration may be very light. Although the Anaspidea in these streams are 
a light brown, they are very conspicuous against their even brighter back- 
ground. 


Habits of Anasptdes. 

ideal conditions for observing the living animals in their natural state were 
found in the small semi -isolated pools on top of Mount Wellington, and in a 
favourable pool naturally stocked with about twelve large AnaspideaBiwA manysmaller 
ones the animals could be observed at all times. Further, in these pools the animals 
appear unconscious of observation, while in streams and in more accessible places 
not only is it <liflicult to watch one individual for more than a few moments, but 
the animals are very sliy. Anaspides were also kept in captivity in running water 
from a spring at a height of about 2150 feet quite successfully. 

The degree of activity of the shrimps during the daytime is vaiiable, but in 
captivity they are far more active at night than during the day. Anaspides reacts 
to moderate sunlight by taking a sunbath or foraging for food, but strong sunlight, 
especially if it heats the water to any extent, causes the animals to seek shelter 
uruler the banks or under tufts of moss and weed. y\ temperature of about 20“ C. 
proves fatal if maiiitained for long, especially at night. During a dull dny the 
animals may or may not be acti\'e, during captivity they usually remain hidden. The 
smallest individuals are active usually at all times, but confine their excursions to the 
surface of the algal coated stones and weeds or moss. They do not seek to hide 
themselves nor do they wander or swim freely away from surfaces. 'Fhe larger 
Anaspides^ when active, spend most of their time walking or half swimming over 
the bottom. They seldom swim freely for far through the water, unless to reach 
another rock- or weed-surface, or unless they have been frightened. Never have 1 
observed a healthy AnoApides swimming on its back, as stated by Smith (1908, 
p. 466). This point has received particular attention, and I am certain that only a 
sick and dying Anaspides swims thus. The animal may momentarily get into this 
position when crawling over or looking for weed at the surface, but when freely 
swimming it at once rights itself. 

Swimming and walking movements . — Both in swimming and walking Anaspides 
uses the thorax and abdomen tis a single functional region. In walking the second 
to eighth thoracic legs are used, and frequently the five pairs of pleopods when the 
surface is uneven. Tlie pleopods project almost laterally, not ventrally, as is usual 
in the MalacDstracii (PI. 11.). The thoracic endopodites project outwards, with the 
distal parts strongly flexed ventrally. The legs are successively moved from behind 
forwards. When the pleopods are used for walking they move in series with the 
thoracic endopodites, and are used mainly in walking over rough surfaces of weed 
and moss. The tips of the pleopods ben<1 in contact with the substratum, and help 
push the animal along. The anterior three pairs of pleopods are used more 
frequently than all five pairs in this manner. Those not being used project 
laterally and remain stationary. 
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In swimming the pleopods are U8ed exactlj as in walking, only they do not 
touch the ground. The metachronial rhythm is seen in the photograph. 

The thoracic exopodites are continually in motion, and resemble those of 
Pturanaapides in position. The beat also is a simple aiitero-posterior swing. 
Occasionally the tips of the posterior exopodites show a flattened elliptic path, but 
the course of the exopodite when beating slowly is not always regular. The 
frequency of the beat in the adult is only about 100 times a minute when the 
animal is at rest, and about 200 times a minute in young individuals. This is much 
slower than in fllter>f ceding Mysids and Euphausids. When swimming the 
pleopods, unlike those of most Malacostraca, beat in series with the thoracic 
exopodites. When stationary the first one or two pairs of pleopods beat gently in 
series with the thoracic exopodites. Tlie first pair is directed well forwards, taking 
the place of the reduced and absent exopodites on the seventh and eighth legs, and 
so project over these endopodites and lie in series with expedites 2 to 6. When 
swimming the amplitude of the pleopod beat is increased, and the rate of exopodite 
and pleopod beat may also be increased. The exopodites probably assist the pleopods 
to some extent in swimming. 

Aiuiapide^ shows a tendency to pi'ogress against the stream under unfavourable 
conditions, and may crawl out of the water in so doing. Besides swimming mainly 
with the pleo})ods, Anaspides is capable of extensive and powerful jumping 
movements in or out of the water when startled. The movement is very rapid, 
and involves a flexure and tucking-in of the anterior end of the body and a flick 
of the tail-fan. 

The thorcunc exopodites and epipoditee , — The function of the thoracic exopodites 
and epipodites appears to be mainly respiratoiy, and they are probably not 
concerned in feeding, as was anticipated (Cannon and Manton, 1929, p. 184). The 
exopodites, as already stated, may be of slight assistance in swimming. The 
epipodites of the seventh limbs are always stationary, but those of the second to 
sixth and sometimes the first limbs beat in time with the thoracic exopodites. 
The epipodites are directed forwards, each proximal overlapping the distal epipodite. 
They beat inwards and slightly forwards and outwards and sliglitly downwards. 
The exopodite heat causes a flow of water along the sides of the body antero> 
posteriorly only, and does not induce a flow up the axis of the exopodite. Some 
of this water appears to be caught between the epipodites and the body and 
ftisses into the inter-limb gaps. Ventrally these streams flow away front the body 
into the surrounding water ; they are feeble, but remove any water containing a 
line suspension from the inter-limb gaps. The absence of a sti-eam passing forwards 
along the ventral groove ” is equally clear. The limb bases of the anterior 
segments are usually closed apposed, leaving practically no space between them, and 
there is no anterior suction along the “ ventral groove ” caused by the maxilla 
(see below, p. 796). Thus water-currents around the exopodites and epipodites 
are not concerned with feeding. 

The circulation of the blood probably indicates the main function of the 
epipodites. The general circulation of the blood resembles that of a Mysid without 
the carapace circulation. Blood flows from behind forwards in the mid-dorsal part 
of the abdomen and supplies the pericardium posteriorly. Laterally the pericardium 
receives streams of blood up the sides of the second to eighth segments. Similar 
streams flow up the sides of the posterior parts of the abdominal segments and pass 
into the dorsal space. Ventrally there is a forward stream along the abdomen 
above the nerve-cord. On reaching the thorax part of this stream is carried 
sideways to the bases of the limbs, and on reaching the epipodites the blood flows 
round their margins and then continues up the lateral channels to the pericardium. 
In the proximal epipodite the blood streams firat along its lower margin and back 
by the upper margin, while in the distal epipodite the blood passes first along the 
upper margin. Some blood passes across the epi^Kxlites through tine channels which 
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permeate the appendages exactly as does the network of vessels in the respiratory 
carapace of a Mysid. The rate of flow of blood in the heart, in the pericardinin, 
up the sides of the thorax, and round the epipodites is lupid. It is much slower 
in otlier parts. The ventral abdominal flow is slow, but on reaching the thorax, 
where it divides to supply the limb-bases, it suddenly quickens. In all limbs the 
flow is slower than in the epipodites — a corpuscle circulates round an epipodite in 
I second or less, while it takes 5-6 seconds to pass halfway down a pleopod and back. 
The rapidity of flow through the epipodites may be due to the suction exerted by 
the pericardium, but it is also aided by the beating of the epipodites themselves. 
When the epipodites are still and the heart normal, the flow round tlie epipodites 
is slower than when the epipodites vibrate. However, in the small seventh thoracic 
epipodite, w'hich is always stationary, the circulation is always rapid. The cuticle of 
the body, with the exception of the epipodites, is very thick, and the epipodites are 
the only places where tlie blood comes in close contact with the surrounding water. 
The very efficient blood circulation through these appendages and the efficient 
change of water around them suggest that the epipodites have a respiratory 
function. In both these features the epipodites resemble the respiratory carapace 
of a Mysid. 

Feeding hahiU, — Anaspides, although possessing a maxillary filtering mechanism, 
does not filter the water in which it swims as does PavancbspideB^ a Mysid, or a 
Euphausid ; hut the maxilla, with its filter-plate and valve, plays an impoitant part 
in the feeding off large ’’ food. Facts demonstrating the aV)sence of a filter 
feeding habit, although the mechanism is present, were these :— ( 1 ) The streams 
caught by the epipodites do not unite to form a foo«l-8tream and are feeble; and 
there is no rotatory action of the exo|:)odites (see above, p. 795), although the pre- 
sence of forwardly projecting epipodites might render this unnecessary for obtaining 
currents entering between the legs. (2) The mouth-parts ai'o not used whe n the 
animal swims or walks and is not manipulating food-masses, and the bases of 
the first pair of thoracic limbs are held close together. Thus there is no anterior 
suction along the ventral groove between the liiiihs caused by the maxilla as in 
a Mysid, and water is not filtered by the maxilla during swimming, as the mouth- 
parts are stationary. <3) Animals were kept in suspensions of iron sacchainte 
under various conditions, and showed no trace of iron being taken into the gut or 
clogging tlie setae of the mouth-parts even after the animals bad been living 
healthily in tlie suspension for two days. A filtratory crustacean may fill its gut 
completely with iron saccharate witliin half an hour of being placetl in the 
suspension. 

Anaspides normally feeds upon algaBand detritus covering weeds and stones over 
which the animal walks, and when adult upon small organisms such as tadpoles and 
worms. The gut-contents showed tufts of minute branching filamentous algap, one 
cell thick, smaller pieces of more substantial alga>, bits of plant tissue, and much 
unrecognizable detritus. On Mount Wellington the abundance of tadpoles in bog- 
pools was inversely proportional to the numbers of Anaspides present. 'J'he eyes, 
although acute, are useless for locfiting food, as they face upwaids and outwards. 
The tips of the fii-st thoracic endopodites are iio\ei' used for walking and digging, 
but vibrate continually with a dabbing movement. They may ' be sensory. 
A'naspides expends considerable time digging in the mud witli the second to fifth 
thoracic endopodites — scratching in one place, and, if no food is encountered, moving 
to another. Jf a tadpole is accidentally trodden on and then lost, Ancbspidea 
excitedly hunts and scratches for it in the surrounding area regardless of the 
direction of escape of tlie tadpole. Avaspides in a very clumsy limiter of live prey, 
as it is apparently unable to see the substratum or to scent food from a <listance, 
and depends entirely on stumbling upon it. 

The rectangular mouth-field is hounded laterally by the first thoracic endopodites 
anteriorly by the labi um ami ptmteriorly by the endites of the first pair of trunk- 
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limbs (Oannou and Manton, 1929, text-fig. 3, p. 180;. The bases of the first trunk- 
limbs are held close together, a bulge from the bodj-wall of ttiis segment closing 
any space between these limb-bases. This bulge is seen in text-fig. fi, p. 183, 
Manton and Cannon, 1929, where the limbs are slightly apart, but when feeding 
no space is left forming an entrance, to the food>chamber posteriorly. 

When feeding off a flat surface the mouth-lield is closely applied to it, the first 
thoracic eudopodites remaining lateral in position (text-fig. 1 ). Small stones 
may be picked up by the second to the fifth eudopodites while the animal stands 
upon the sixth to eighth endopodites. The second to fifth eudopodites grip the object 
laterally while the mandibular palps and tips of the first thoracic eudopodites mani- 
pulate it anteriorly, and various parts are then brought against the mouth-field 
(PI. 111.). A tadpole or worm is treated in a similar manner, only with more 
excitement, and the food may be carried away to be consumed in l)idiiig. 

Into the mouth-field bite the mouth-parts, details of which have already been 
given (Cannon and Mantoii, 1929). The mouth-field is closely applied to the food, 
which Is scraped by the backward and forward movement of the endites of the 
first trunk-limbs and by a movement in the transverse plane of the spinous bifid tips 
of the maxillae. The tips of the maxillae can be moved in the transverse plane to 
a considemble extent quite independently of the main endopodite, and the move- 
ment of the endites of the first iriiiik-limb is likewise independent of the 
endopodite. The food may also be bitten into directly by the incisor processes of 
the mandibles and (lisal endites of the maxillules. In sciaping up algae the 
action of the endites of the first trunk-limbs and of the maxillaa is tlie most 
important. 

[3y these actions many small pai^ticles of food come to lie freely in the mouth- 
field, and are unable to escape if the eudopodites of the (irst trunk-limbs are kept 
in contact with the food-surface or subsfi'atum laterally (text-fig. 1, p. 798). It 
is in the collection of such sctaped-up particles that the maxillary filter is of the 
utmost importance. 

Distaily the ina villa slopes forwards more than the mnxillule, and touches it 
ventrally. The maxillse move outwards almost in the transverse plane, and not 
hy an outward and hack wa id motion as in a Mysi<i. They bite together just 
bef<n*e the maxillules meet. The valve formed hy the pseudexopodite of the 
maxillule and the ridge on the outer si<le of the maxilla is closed when the maxilla; 
are apart and open when they are together. Owing to the disposition of the parts 
the space between the maxilla and the maxillule is only open to the suiTounding 
water through the filter-plate on the inner side, and intermittently through the 
valve formed by these limbs on the outer side. The movement of the maxilla 
must suck water from the mouth field region through the filter-plate, os in a 
Mysid, and so must tend to draw particles in the water down between the filter- 
plates which are nearly vertical in position. The relative positions of the mouth- 
parts iu region of the maxillary filter-plate can be seen in the toxt-fig. Food 
particles are thus concentrated towards the mid-ventral line, where they are 
transferred to the mouth by the dorsal parts of tlie firat tnmk-limh endites and 
the proximal maxillulai y endites. The setose paragnaths are freely movable in the 
transverse plane, and assist iu shifting the food forwards. I'ho labruin is also 
actively moved. The postero-ventral lip in the middle line is moved antero- 
ventrally as the mouth- parts are divaricated, and the reverae as they bite together, 
thus assisting in gripping the food and drawing it into the oial cavity. Tliiis by 
maintaining close contact of the mouth field with the substratum, small food 
particles are first dislodged by the endites of the first trunk-limbs and by the 
tips of the maxillsd, and then effectively collected by the maxillary filtering 
mechanism. Without some such effective system small food particUs once 
dislodged would be easily swept away by the fast-liowing water in which the 
animids often live. 
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The nearly vertical position of the filter plates makes the collection of fwd 
particles by (1) suction, and (2) simple mechanical packing by the approximation 
of the plates, a far more efficient process than could be obtained by filter plates in 
the horizontal position seen in a Mysid (text-fig. 1). The maxillary filter plate 
partly acts simply sis a block across the space betweeis the maxilla and maxillule, so 
preventing particles from entering this space. A similar eflect is produced in the 
Mysid Lophogaster, which has no filter plate and is raptatory, by the large swollen 
proximal endite of the maxillule, which blocks the gap between maxilla and 
maxillule. 

When feeding on algse covering weed and moss a filament or stem may be passed 
between the endopodites of the first trunk-limbs, which are then approximated 


Text-figure 1. 




TranBYOTse seotions through tho mouth field aoroBS the maxillary filter plates of Hernimysis 
and Anasjndea. 

In HemimyHis tho filter-plates are nearly horizontal, and below them are the paired enditoH of 
the first trunk-limbB (“ which scrape along these plates. 

In ilwflflpwZeg the mouth field is a deep space, bounded ventro-laterally by the endopodites of 
the first trunk-limbs, which fit clcisely against the maxillm. l"he filter-plates are nearly vertical, 
and are scraped by the proximal endites of tho first trunk limbs (*' fl.l. p.a.s.'’), while into the 
mouth field projects ventrally the distal endites of the first trunk limbs (“ tl.l^d c.’’). 

The outgoing path for the filtered water is comparable in both Uemimysitt and Anaspident and 
is indicated by the arrows. An outer valve is formed in Hemimygiahy the maxillary exite (mr.2,<?.), 
and in Anattpidea by the maxilluhiry pseudexopodite and tho outer ridge on the maxilla (“ w.r.l 
and “ wa;.2,r.”). Both sections show the valve in its open phase. e., carapace ; distal 

opipodite of first trunk-limb; ejr., oxopodite of first trunk-limb ; m./., mt^uth- field; mxA, base of 
maxillule; mjc.l,ps., pseudexopodite of the maxillule; m.T. 2. maxilla ; tn«;.2,e., maxillary exite ; 

setm forming filter-plate from the proximal endite of tho maxilla; mx.2,r., ridge on outer 
side of the maxilla ; M.r., nerve-cord ; p.ep., proximal opipodite of the first trunk-limb ; 

endopodite of the first trunk- limb ; /Z.l, d.e., distal endite of the first trunk-limb; 

thl, e., endite of the first trunk-limb ; tl setm from the proximal endite of the first trunk- 

limb. 


aiul scrape the filament. Usually only the endites of this limb are used for 
scraping : while endopodite is used to grip and sweep in particles, all its sel.8e 
round the mouth-field pointing towards the latter. The first trunk limbs are also 
frequently used to clean the antennae, which are drawn between these limbs one 
at a time. 


Colour Varieties. 

As has lieen mentioned above, Anaspides appears in two main varieties of 
colour. A dark brown to olive-green form is found in the dark pools on the top 
of Mount Wellington (Pis. 11. & lll*)i while in the streams down the sides of the 



MBOUAKISMS OF ANABFIDEB AND PABANA8PZDB8. 


799 


xnounfcain and in the lower pools the animals are all light brown in colour (PI. IV.), 
and the pools here are usually very light in colour also. The Armspidea in these 
light situations, however, are dark enough to be conspicuous against their even 
lighter background, while on top of the mountain the dark variety closely matches 
its surroundings. The colour of each animal appears fixed, and small light and 
dark individuals kept for a short time under different conditions did not appesr to 
alter at all in colour. The chromatophores of the two varieties are very similar in 
arrangement and distribution, but they are not quite so abundant in the lighter 
form. The basal colour of the cuticle and tissues of the two forms appears very 
different, and this is clearly seen in the pleopods, where no chromatophores are 
present. The dark variety reaches a maximum size of 38 mm. from rostrum to 
to the tip of the telson, while the lighter variety only reaches a maxitiium size of 
34 mm. No other marked differences could be found between these two varieties, 
although minute differences in size and number of setce on some of the appendages 
are present. 


Conclusions. 

The habits and movements exhibited by Paranaspidea and Anaapidea show 
several points of considerable interest. Paranaapidea appears to be a pelagic 
weed-living animal with tiltratory and raptatory types of feeding, either filtering 
the surrounding water or sweeping up matter from the surface of the weeds. 
Anaapidea, although possessing a filtratoiy mechanism similar to that of Paran- 
aapidea, only uses this mechanism in conjunction with its raptatory haV>it. It does 
not filter the water in which it lives as does a typical filtratory feeder, but only 
uses the filtratory mechanism to collect particles scraped up by the raptatory parts 
of its limbs. The raptatory habit of Anaapidea is more developed than in Paran- 
aapidea ; hence the stronger development of the set® on the distal endites of the 
inaxilluies and maxillae. The form of the prae- ischial ridge on the first trunk-limb, 
and the position of the latter, is also correlated with the raptatory habit— in 
Pararuiapidea for sweeping narrow stems, and in Anaapidea for keeping the mouth - 
field ventro-laterally in close contact with the substratum, and also for sweeping. 

'rhe independent action of the maxillary filtratory mechanism in Paranaapidea 
aiul in Anm 2 nde 8 is of interest, since, as already suggested (Cannon and Manton, 
1927, p. 237), such a condition probably preceded the llemimysia type, where the 
maxillary filtraUny mechanism is aided by an auxiliary thoracic food-stream 
created by the thoracic expedites. The primitive Mysid Gvathophauaia is the only 
other Malacostracan investigated in which the filtering mechanism is independent 
(Manton. 1928, p. 108). The independence of the maxillary filter in Anaapidea 
and Paranaapidea is correlated with the very simple type of beat shown by tlie 
thoracic expedites. It is reasonable to suppose that such a simple antero-posteiior 
swing of the expedite may have been shown by the early Malacostraca, and also 
perhaps may exist in the living Gnathophauaia, Only a slight alteration of this 
movement would lead to a rotatory beat in an elliptic path — this is even shown 
occasionally by Anaapidea. Once a rotatory type of beat was established, as in 
most filtratory Mysids and Euphausids, then the possibility wouhl arise for the 
utilisation of these limbs to create an auxiliary thoracic food-stream. Water 
would pass up the cone of rotation of the limb into the inter-limb spaces, and then 
be directed forwards along the ventral groove ” by some other contrivance, such 
as the position and shape of the limb bases or the positions of tlio inter-limb spaces. 

The utilization of the thorax and abdomen in Anaapidea as a single 
functional region in walking and swimming is noteworthy. Tiiis is quite unusual 
in living Malacostraca, where the two tagmata are distinct both morphologically 
and in function. This peculiarity may be due to the persistence of functional 
continuity exhibited by early Malacostraca before the morphological distinction 
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between the two tagmata became very marked. On the other hand, it is possibly 
correlated with the predominant crawling habit of Anaapides, which may have been 
derived from a swimming life such as shown by Taranaspides, 

The persistence of erustacea as unspecialized in liabits as Aoiaspides and Para- 
ncbspides at the present day is associated with their peculiar habitat. Para'naspides 
is apparently well protected by the weeds, and there are few large predatory fish 
in the Great Lake apart from the recently introduced brown and rainbow trout. 
Anaspides has apparently lived on Tasmanian mountains undergoing little change 
since Carboniferous times. Its survival may be correlated partly with the absence 
of competition in these pools and streams. It has no predatory enemies, and the 
pools contain only a few amphipods and worms apart from microscepic fauna. 
Anaspides is indeed quite incapable of meeting competition — a caddis-larva one- 
quarter the size of Anaspides v.aw kill the latter instantly and without protest, ami 
attention has already been called to the inefficient method displayed by Anaspides 
in hunting for large food. 
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EXPLANATION OF THE PLATES. 


Plate I. 

Immature and adult Paranaspides Iticmtris from the Great Lake of Tasmania. 

Plate II. 

Dorsal view of the dark variety of Anaspides ia^manim from the top of Mount Wellington in 
its resting position. 


Plate III. 

Lateral view of the dark variety of Anaspides tasmanim at rest feeding upon a tadpole. 

Plate IV. 

Light variety of ATwspides iatmanim from the slopes of Mount Wellington below about 2000 ft. 
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1. Introduction. 

The main olijeet of this paper is to give a description of the animal life in tlie 
marsh ditches of the lliames Estiiary, and of the adverse circumstances in whicl» 
many meinhersof the fauna lind themselves. Wlicre necessary, notes on the plants 
of this area are introduced in order to make as complete an ecological picture as 
possible. The data here supplied Inue been obtained as the result of persotml 
observation and experience covering a period of 10 years (1920-1929). 

The peculiar, and in many ways, highly exacting conditions of life found in 
estuaries have been already noticed in works of ecology and distribution {cf, Robson, 
“The Animal Life of Estuaries,’* Journ, Quckett Micr. Club, (2) xv. p. 161, 1925). 
Owii>g to the circumstances in which the author luis been compelled to work he 
has had little opportunity of studying the literature on marsh faunas in other 
areas. He is, therefore, not aware to what extent liuctuations in environmeiifed 
tioiiditions similar to those described in this paper may have bemi observed else- 
where ; hut it seems that the exceptional local conditions and the special history 
of tlie foimation of the Tliames marshes are sufficiently interesting for publication 
without discussion on their general ecological importance. 

The thanks of the writer are due to Dr. Caiman, F.R.S., and Messrs. Gepp and 
Monro, of tlie British Museum (Natural History), for their kind id en till cation of 
animals and plants from the ditches, also to Mr, Percy Thompson and Miss Greaves, 
of the Essex Museum, Stratford, for similar assistance and ad \ ice. 

Especial thanks are due to Mr. Robson, of the British Museuin( Natural History), 
not only for the identification of material submitted to him, hut for his ailvice, 
kindly criticism, and personal assistance in the preparation of the paper, which, 
indeed, without his encouragement would probably never have been written. 

Jl. Topography of the Area investigated. 

The area which is discussed in this paper includes the S.E. coast of Essex from 
Foulness Island on the east to Benfleet on the west. It does not include Canvey 
Island. Ill this area two stretches of marsh are found. The first, seen between 
Foulness and Shoebury (about 12 miles), apparently originated from the conjoined 

* Oomiannioatod by Ch* C. Bobboh, M. A., F.Z.S. 
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deltas of the Beach, Crouch, and Thames rivers. At present this area consists of 
numerous islands all protected by dykes and separated by passages or creeks linking 
up tlie rivers named. Of the creeks, Havengore is now the only one open which 
gives access to the Thames. The others, Shelford Creek and New England Creek, 
have been dammed by order of the War Office. The former is a paradise for those 
interested in marine faunas in a transitional stage. 

The mainland part of this marsh extends from Wakering to Wallasey. The 
mainland itself lies to the west of these islands and marshes, the north side of 
the marsh-area being bounded by the Biver Crouch. It is uncertain what land 
movements are taking place, but north of the Crouch, in the Dengie hundred, it is 
thought that subsidence is in progress. Ceitainly the sites of the villas of the 
Roman city of Oithcna aie only visible at low tides. Westwards from Shoebury, 
the soil of whieh is sand and shingle with a foreshore of arenaceous mud, the land 



Marsh areas, Leigh to Benfieet and Wakering to Foulness *. 


rises into fairly high uplands (London clay, sometimes topped at places with gravels 
and sands) faced with reclaimed and unclaimed marsh. Farther to the west at 
Southchurch and Southend the marsh has been built over and modified by urban 
development. 

Beyond Southend one enters the second area of marsh at the foot of the 
higher uplands from Leigh to Pitsea (and indeed to Mucking), a very large area. 
For the purposes of this paper the area is limited by a line drawn north through 
Benfieet. 

At Leigh the railway to London cuts across the marsh. The raised permanent 
way with its projecting banks, separates the ditches wliich meander through the 
marsh into brackish ditches on its south side and freshwater ditches on the north 
side. 

* New England Island lies between Havengore Island and Foulness Island. Shelford Creek 
separates it from FoulneaB Island and New England Creek (now enclosed) isolates it from 
Havengore Island. A concrete road now links up all three islands with the mainland. Priapralv4 
can be found in Shelford Creek. 
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III. The Origin and Evolution of the Mabsh Ditches. 

The origin of most of the marshes of the Thames Estuary is the same. In the 
course of a long period of time, varying in duration according to the volume of 
flood- waters and the openness to the sea, the littoral becomes banked with mud * 
traversed with swins, gullies, and runnels, and rises little by little. Zostera gives 
way to Enteromorpka^ and Enteromorpha to the plants of the low marsh, particularly 
to Obione, Salicornia^ the Sea Aster, Sea Lavender, and the grasses {Spartina etc.) 
of the saltings. These plants hold the silt which becomes consolidated into mud 
and bound with roots which eventually become peat. As the vegetation holds, the 
gullies, with the drainage of the marsh, cut deeper until what was once tlie level 
bed of a wide shore, or of a deep stream, becomes a series of islands daily growing 
higher out of the water and separated (except at low tide) by miniature lakes and 
rivers. When the expanse of marsh is sufficiently large to cause covetous eyes to 
be cast upon it, it is taken in hand and a wall of its own soil raised round it higher 
than the water at high spring tides and set well back from its outer edge. On each 
side of the wall is a broad and sometimes deep ditch, the bed of which is always 
very soft, being formed of the underlying clay which has never dried, and into it 
on the inside run the old swins, gullies, and runnels which used to run to the sea 
and now only take oflf the rain-water from the land. 

For some years aftor the reclamation but little change takes place owing to the 
sodden condition of the ground t. On the drier parts the Sea Lavender, Obione^ 
and the marsh grasses flourish. In the old gullies (now ditches), Salicornia and 
Sea Aster with Ulva and Enteromorpha still survive, together with crabs, prawns, 
gobies, Eereia^ Littorina^ Paludeatrina, Alderia, and LimaponitUy and other marine 
forms, trapped during the process of “ inning.” 

But changes are at hand. As the land dries, sheep and cattle are sent out. 
The Sea Lavender i.s devoured and Obiom^ dwarfed by drought, is either eaten or 
stamped out. The ditches become sterilized by alternate floods from rains and salt 
water from the sluices in the sea wall ; the old flora and fauna die out and are 
replaced by seasonal ones able to exist just for as long as their appropriate conditions 
persist in the ditches. 

Wading birds like the Heron introduce new seeds and eggs, the wind-borne 
flora now flnds a congenial soil, the reed ap{)e.ars and eventually fills the ditches, 
and the sloe (more often than not sterile) borders them. The grass grows out into 
them, and the bottoms rise with decaying vegetation until, after the passing of 
years, the shallower runnels are filled up and are only made visible by the drainage 
water covering the outline of their old course in the winters 

And this is not all. The marsh becomes the farm ; the land is put under the 
plough and sown with grass and com, and, because the land must be well drained, 
straight ditches are cut at right angles to the main ditch by the dyke wall. So 
“ the marsh finally passes, though the sea sometimes recovers its domain, as at 
New England, at Maldon, and at Canvey. Also important changes take place in 
the relation of levels between the new land inside the wall and the old marsh 
outside. 

Inside the walls the land is cropped incessantly, and so its level never rises, 
but rather tends to sink by dryness and compression of the peat underneath. 
Outside, the river and its tides daily bring to the river-bed and its marshes their 
load of silt ; and so with time both the bed and the low marsh tend to rise, and 
eventually the bed of the river is in height many feet above the level of the 

* Ih most efitoaries the tide ebbs ihnbore first, sometimes three-quarters of an hour before it does 
in the river fairway ; this oauses an eddy which deposits silts. 

t As at Creeksea, WaUasey Island (Essex), also the banks of Benfieet Creek, outside the wall. 

it Leigh and Hadleigh marshes would appear from old engravings dated 1832 to be nearly 100 
years old, but the old creek leading to Hadleigh Castle becomes visible once again after heavy 
rains in the winter. 

Psoa ZooL. Soo. — 1930, No. Lll. 
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reclaimed land, as at Leigh, Havengore, and New England, and the water from 
the sluices draining the land has to pass away through channels many feet deep 
in the more recent alluvium outside. These sluices are generally iron pipes capped 
and hinged at the end so that at a sufficient depth, if working properly, pressure 
closes tlfe cap and prevents ingress of the river or sea to the land, whilst not 
obstructing the drainage water escaping at low tide, and it is through these 
channels and pipes that most of the marine animals in the ditches have to come. •• 

IV. Animal Life in the Ditches, 

It will be obvious that an important part will be played in the animal life of 
the ditches by tlie varying salinity of their waters *. This will be determined by 
the salinity of the tidal waters outside and the extent to which they have access 
to the ditches, by rainfall on the land, the strength of the wind, the amount of 
sunshine causing evaporation, and the time of the year, for all the water has to 
pass through the ditches, and, with a series of high tides and the high river-bed, 
it may not be able to escape easily ; whilst at the same time the same winds which 
cause the pent up waters may bring heavy rains which flood the land. With 
changes of such violence it is theoreticnlly probable that a fauna able to endure 
them must be few in species and sometimes sparse in members. This is actually 
what I have found. 

Conversely, at times when the external pressure on dykes riven by contraction- 
fissures causes tlie walls to give way and the sea breaks in, ponds and ditches 
of normally fresh water nre for a longer or shorter period markedly saline. 
Nevertheless, the water draining into such ponds and ditches from the land 
sooner or later reasserts itself, and the salt water is gradually diluted, and but 
few marine animals, so far as 1 have seen, succeed in maintaining themselves in 
their new habitat of pure sweet water. The animals winch do so are Palcemmiceies 
varians^ Neomysis^ the .S-spine Stickleback, and the Eel. 1 know of no others, but 
it is possible that other forms do survive in some of the ponds and ditches. 

A single example will illustrate the association and habitat under discussion. 
At Kearsey’s Marsh, Benfleet, on the land side of the railway and towards Leigh, is 
a stpiare pond connected with a flitch, once part of a brickfield. It contains pure 
water t drunk by horses and cattle. Here occur three of the forms just mentioned, 
survivors of inundations in 1902 and 1907 from the Ray. The chief water- 
plant is Potamogetmi pectmatus, Enteroinorpka greatly changed is also present. 
Palcemoncetes varians is there in thousands, half a mile from the sea-water. It is 
glass-like in appearance and only visible from above by the black mud in the 
stomachs (apparently the only food). They breed abundantly. Neomysis is not 
so plentiful. No other inhabitants were observed. Eels, however, were known to 
be present. 

A factor which I think influences the flora, and through the flora the fauna, is 
the nature of the mud at tlie bottom of the ditclies. Having once been tidal banks, 
all the marshes will contain shells of various species and, therefore, lime. The 
soil of Canvey Island is full of cockle shells. At Leigh few cockles are found, hut 
Afya, Scrobiculariaf and TelUna occur, all having hard shells which resist decom. 
position. At New England and Havengore, oysters and Crepidnla seem to be present 
in good numbers and in a very decayed condition. Besides this there is decayed 
debris from the vegetation, and, in some soils such as that of the Leigh ditches and 
Shelford creek, very much iron, which is probably being fixed by the action of 
bacteria. This is most pronounced where the bed is very soft from the presence 
of silt and the decay of the local vegetation. It seems largely absent in ditches 
periodically cleansed (by digging) by the farmer at Leigh and by the War 
Department along the roadside towards Havengore Bridge, at Wakering, where 

• The variation ia very great in the Thamea Eatnary, viz. 1*028 in a noarmally dry aeaeon to 
M low aa 1*010 off the ** Mouae ” lightahip on one oooaaicm. 

t See note in * Eaaex Naturaliat,* xix. pt. v. p. 328, 
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the ditch-beds appear greenish yellow in colour, as against the reddish brown of 
those untouched. 

That the pollution of the soil affects the flora would seem proved by the fact 
that I have failed to get Chmtovnorpha linum^ which exists in masses in Wakering 
ditches, to establish itself in the Leigh Marsh ditches, the Wakering ditches being 
“ clean,” the Leigh ones polluted ; but it is possible, however, that evaporation in 
•the Wakering ditches, which are well inland, and the clear water produce the 
conditions essential to life, as Chcetonnorpha likes, and can endure, very high 
salinity, bright light, and heat 

The condition of the mud must also affect to some extent the mollusca and 
worms which live in it. I have seen the shells of Palvdeatrina ulvat quite red with 
rust t. As a matter of fact, the predominant colour of the shells of these molluscs 
is reddish. At various places in the Leigh ditches 1 have seen both the bottom 
and the vegetation very rusty, and in Shelford Creek, Foulness side, there were 
patches where rust was actually oozing away at the surface, though, delving with a 
trowel under the patches, I failed to disclose any spring or anything other than 
ordinary surface drainage. On the Leigh open mud-flats old tube-casts of worms 
where the soil is denuded after storms stand out of the surface as iron 
sand, and iron pyrites is quite common in the form of nodules and finger-like 
shapes. 

In these enclosed ditches in hot weather an incessant struggle exists for 
oxygen. The weed, especially Vaucheria, the nether masses of which are almost 
always buried in putrid mud, grows luxuriantly in the hot sunshine and rapidly 
evaporating water, which, brackish at first, becomes very salt at last. The plant 
in masses turns reddish, then pale yellow, and dies, poisoning most of the life 
which it had previously helped to preserve. At Wakering I have seen large eels 
lying with more than half their bodies out of water which was red (? with algae or 
rust) and stinking. When pushed back into the water they crawled out again. 
At Leigh, in the artificial ditches 1 have seen Gasterostem lying dead in hundreds 
from the same cause, yet in the putrid mud hundreds of Palndestrina ventrosa were 
.still alive and apparently unharmed. Crustacea are not noticed on such occasions ; 
either they withdraw in time, or their bodies are not noticeable +. 

It will be noticed that the observations recorded above refer to the putrefaction 
of vegetation ; yet also great loss of life takes place through high salinity and 
desiccation. The Mollusca generally do not appear able to sustain high s;ilinities. 

I have seen in the middle of Havengore Island a large colony of Cardiwn edvle 
dead (1921) through high salinity, the water not otherwise being bad, and I have 
also seen in the ditches, recently cleaned, large masses of Choftomorpha linum 
in a rapidly reducing quantity of crystal-clear water of the high salinity with 
numbers of Gasterosteus (S spined) striving to find a way out of the water in vain. 

In one case at least it is interesting to note that an aquatic animal exposed 
to the danger involved in the periodic drying-up of its liabitat apparently 
survives in great numbers because it has acquired amphibious habits. This 
form is Paludestrina ulvce, which, in my experience, has a definite objection to 
continuous immersion in water. 

I think that wherever this mollusc occurs it will l>e discovered to spend at 
least 20 hours of the 24 in direct contact with air, even if it must be moist air. 
If it is in tidal water it will be found thus long, uncovered. If in stagnant 
water it will crawl out and sometimes remains out so long as to die. Littorma 
rvdis perishes in the same fashion occasionally. In artificial conditions it crawls 

* FerhapB the absence of iron from the cleansed ditches is also a factor, 
t Vaueheria in my jars apparently caused a heavy deposit of rust to collect on the iplasB 
wherever a piece of limestone touched it ; and mud from Shelford creek leaves a line of rust on 
the srlasB of the jar containing it at the l^e of the surface of the mud. 

1 have, on the other hand, found numbers of Stratiomya larvm at Wakexing living amid 
putrescent vegetation, and Corophium lives under similar conditions at Leigh, 
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out and attaches itself by a film. In nature it would probably be recalled to 
activity by rain, which would moisten the film and cause the mollusc to drop 
on damp ground and so recuperate *• 

In a normal way rain is received in these ditches so gradually as not to 
cause great harm. As a matter of fact, it does not appear to be obnoxious to 
many creatures to which tap water would be fatal f . Starfishes on sandbanks 
and mudbanks and Actinm meaemhryanthemum on rock, Nereids in mud, besides 
Fucoids, Enteromorpha^ and other plants, must often be literally deluged with it — 
yet they survive. 

It is doubtful whether non-saline water ever reaches the ditches in sufficient 
masses to be fatal to the fauna. The creatures disliking a low salinity usually 
ha<re time to retire to the sea-wall, where, it is conceivable, they may be washed 
out to sea through the sluices. A case of very great biological interest in this 
connection exists in the dammed portion of New England creek, Essex. 
Originally a free passage from the Thames to the Crouch via the Boach, and 
receiving water and animal life from both directions, it has been dammed at 
each end of the island by order of the War Office. The western end was 
designed for a sluice, which, when made, could not be used for fear of washing 
away the footings.** It has, therefore, been definitely sealed, and the creek, 
full of truly marine creatures, is now a lake taking the drainage (not purely fresh, 
owing to the island having been drowned’* for so long, since 1897) of the island. 
It contains Flounders and other fiatfisli (some known to be still alive), Oysters, 
Sahellay Tunicates, Nereids, Crepklida^ Amphitrite, Whelks, Crabs, and probably 
many other forms, including bivalves. The water is very brackish. It would be 
very interesting to know if this fauna is still alive, but a proper dredge would be 
necessary, with a boat (at present there) and War Office permission. 

At Hadleigh Marsh many of the cross ditches on the south side and all on 
the north side of the railway are now fresh water, with a purely freshwater 
fauna, except in the case mentioned at Beufleet(Kearsey Marsh). Water Grasses 
abound with Bushes, Water Ranunculus^ Gallitriche, Mosses, Lemna^ Potamogeton^ 
Juncua and Arundo, but no Anacharia, though I attempted its introduction out 
of curiosity. Of animals, I have found Dytiacua, Gasteroaieua (3-spined and 10- 
spined). Dragonfly larva), Caddis, Mayfly larvse, Bloodworms {Tubifex), Eels, etc. — 
a true freshwater fauna and flora. 

As will be seen, the life in the brackish ditches will be largely seasonal, 
and, as regards the marine forms, somewhat dependent on the time when certain 
species come close into the coasts. The main ditch, never becoming dry and 
caked, but receiving each tide at least a modicum of new water, becomes a factor 
in the distribution of the species. 

Y. Notes on the Leigu Ditches. 

In Ml*. G. 0. Bobson’s paper on the succession of Paludeatrina ulvce and 
ventroaa (Ann. & Mag. Nat. Hist. 1920) appear lists of the fauna and flora of the 
Leigh ditehes. As he states, they are not complete. The forms recorded in my 
notes for these ditches may be added to Bobson’s lists : — 

(1) 2/4/1922. Examined main ditch, Leigh Marsh ; found a few Gobies only, 
no Prawns or Sticklebacks ; found specimens of Alderia modesta and LiTnapontia 
nigra (first time for 2 years). 

(2) 29/4/22. Main (Dyke) ditch ; Palmmonetea variana^ Gohiua minutua, 
Spheroma rugieorda, 

* In South Africa (Durban) a mollusc, probably CariihiAea^ climbs out of the mud and up the 
stems of the mangroves, remaining suspended in thousands from the undersides of the branches 
until they eventually drop off dead. 

t Fi^h water is staM to kill Starfish instantly, and anemones are likewise destroyed by it tp 
my knowledge, 
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(3) 28/5/22. Main ditch ; Paloemon squiUa, small S-spined Sticklebacks, also a 
few of breeding size, S. rugicorda and a few seiratus (rarer), 1 Eel (3 inches), no 
Gobies, no Corophium^ millions of Paludestrina-^in proportion, 160 ulvce to 15 
vmtroaa, 

(4) 3/3/23. Searched Leigh main ditch for Corophium ; found none ; G, minuiuB 
and a few largish Sticklebacks found. Afterwards went to side ditch (west) for 
larvae of Chameleon-fly, but found none. Brought up mud containing AJderia 
modesta and two S, rugicorda, 

(5) 24/3/23. Visited main ditch, Leigh; found G, minuiua, Stickleback, 
S, rugicorday and Idotea, but no Co7*ophium; noted bed of ditch black and rotten, 
with patches of grey fungus. 

(6) 21^1 Visited Leigh main ditch and side ditches; saw no Corophium \ 
found large Sticklebacks, Gobies, Idoteay P, variam in numbers in side ditches, 
with beetles and four larvae like Leather Jackets, but not apparently the larvie of 
Dimiefly (Rat-tail larvee). 

(7) 4/;i/23. Rode to Wnkering and examined ditches. Vaucheria in plenty, 
animal life scarce ; P, varians, a few Sticklebacks, P, ventroaa in abundance, 
mostly floating. Obtained a water-boatman {^Kotonecta) and llydrophilm \ saw no 
IStratiomya larva) nor pupa* ; nothing but P. ventroaa on weed pulled up. 

(8) 13/1/29. Visited main ditch Leigh, high tide, but very little water coming 
through sluice. Surface of ditch covered with thin fllm of ice; no trace of animals 
save worms and Scrobicularia from their tubes ; shrunken and crinkled Ulva the 
only weed. Ditch filled with refuse. 


Thus it will be seen the inhabitants generally of the marine ditches are ns 
follows : — 


Pisces 

Molluscs . 

Vermes ... 
Crustacea. 

Insects ... 
Plants ... 


GasteroaieiLs (3-spined), Gohivs viiuutuSy and Eel. 

Scrohicnlaria, Cm'diuniy P ulva* and ventroaa ^ Littm'ina vndia^nr, 
tenehrosa (Wakeiing), A. modesta, and Limapontia nigra, 

Acreis dh'crskolor and pelayka, Nematoda 

Carcinva ma’nas, Idoiea, Gammarua, Spheroma, Corophium^ 
Pal<emonetc8 va^'ians, P, squilla. 

/I ydrophilus, iStratiomys, Dipterous flies, Xotonecta, 

Ulva lactuca, host to Paludeairina idvee, Vaucfieria marina, host to 
P, renirosa, Chcetomorpha linum, host to Littorina rudia var. 
tenebroaa, E liter omorpha, host to Alderia modeata, Limapontia 
nigra (and at Sh el ford Creek to P, ulvce), Puppia mariiima 
(to which a Dipterous fly larva attaches itself). iSchlerochroa 
mariiima. 


The Corophium mentioned are exceedingly interesting, being gargantuan for 
the species. 1 have nevei* met with them on flats of the Estuary, which contain 
the 3-inch vertical burrows of untold myriads of the small variety of Corophium, 
Of I he large variety the British Museum possesses one specimen (from Hastings), 
and Stratford E.ssex Museum three specimens (from Leigh main ditch). It is quite 
probable that no more will be obtained from the latter station. To such extent 
had the inferior antennal legs developed that it was impossible for the creatui'es 
to swim normally, and they rolled over and over in progressing. They were visible 
in one month only of the year (April), when they could be seen swimming and 
moving along the bottom. They were never abundant. I have never been fully 
satisfied as to whether they were indigenous to the main ditch or were annual 
introductions through the sluice, but I am inclined to believe that the former is 
correct. 
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YL Summary. 

1. The formation of the marsh ditches on the Essex side of the Thames 
estuary is described. 

2. An account is given of the progressive reclamation of the marshland and 
its conversion into arable, and the effect of these processes on the aquatic 
organisms contained in the drainage ditches of the marsh. 

3. The effect of various kinds of organic pollution which occur regularly 
each year during the hot weather and of periodic changes in salinity are discussed 
in detail, and tlie seasonal change in animal life is described. 

4. Detailed notes on the seasonal changes and faunal succession in the brackish 
pitches at Leigh are given. 
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1. iNTRODUCrriON. 

The investigation which has provided the subject-matter of this paper forms 
part of a scheme of researcli into the numbers and iluctuationsof wild rodents under 
the direction of Mr. Charles Elton, to whom my thanks are due for continual 
advice and assistance. The work is being fiimiiced by a grant from the Empire 
Marketing Board, and has been carried out, by kind permission of Prof. E. S. 
Goodricli, F.R.S., in tlie Department of Zoology and Comparative Anatomy at 
Oxford. 

Information regarding the spread of the grey squirrel in the British Isles, and 
the iluctuations in nuinbei’s of the red squirrel and other rodents, 1ms been 
obtained from a nutiiher of correspondents throughout the country by means of 
quest ion naii^es and through the agency of the Press, as well as by pei*sonal inter- 
views and direct observation. My thanks are due to all those wlio have so readily 
given me information regarding squirrels in districts of which they have special 
knowledge; a list is given of the people whose information has been used in 
compiling this paper, hut I must apologise for the omission of the names ot many 
who have given corrohoiative and negative evidence on certain points, and whose 
evidence is none the less valuable and appreciated. I wish especially to thank the 

* Commimioated by The Sec ret ary. 
t For explanatioa of the Plates, see p. 843. 
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staff of the Forestry Commission for the assistance they have given in this 
investigation, Mr. R. E. Knowles, the late Prof. Kennedy Oitou, Mr. S. Smith, 
F.Z.S., Major M. Portal, and Mr. F. Faraker for their kindness in undertaking 
special inquiries in their particular areas on my behalf. My thanks are also due 
to Mr. Oliver Watney for giving me exceptional facilities and practical assistance 
in studying the grey squirrels of Wychwood Forest, Oxfordshire. 

It is realised that the results of an investigation of tliis kind can never be 
said to be complete, and the evidence on such points as the first appearance of grey 
squirrels in particular districts must alw^ays be liable to minor corrections. For 
this reason negative evidence has, except in certain cases, been avoided in the 
compilation of maps, tables, etc. Whereas positive evidence of the occurrence 
of squirrels in a particular district is undeniable, negative evidence is rarely 
certain and may often he the result of limited observation. 

Numerous general reports relative to the food and habits of the grey squirrel, 
such as “eats birds* eggs” and “has exterminated all the red squirrels,” ha\e 
had to be neglected in this paper, and only the evidence backed by detailed observa- 
tion is included. 


2. Description. 

The Grey Squirrel (tSciurm caroUnenaia Gmelin) is a native species of North 
America, of which there are at least five subspecies with varying distributions. So 
far ns is known, all the American squirrels introduced into the British isles are 
Sciu7*ua ca7*olinensia lencotua Gapper, which occurs throughout the North-Eastern 
United States an<l South-Eastern Canada, Latitude 44°-50“ N. and Longitude 
65^-96° W. (29). 

Adult specimens from Wychwood Forest, Oxon, weigh between GOO and 700 
grammes, and the average total length is about 530 millimetres, including the tail 
length of about 200 millimetres. The general colour eflect is silver grey, and w hite 
underneath, but in most specimens the head, enrs, back, and tops of the feet 
are strongly tinted with russet- brown, with a line of brown running along the 
sides next to the white abdominal coat. The individual hairs show three or more 
colour zones of black, brown, and white, interspeised with a considerable number 
of pure black hairs. The grey effect is given by the hairs with one or more white 
zones and white tips, while in the hairs of the russet patches there are no white 
zones, and the tips are usually brown. The tail hairs of winter specimens from the 
above locality show six colour zones — beginning from the base : black, brown, 
black, brown, black, and white tips. The tail hairs average from 40 to 60 
millimetres in length. There are no tufts on the ears. Other specimens which 
have been examined from Yorkshire, North Hampshire, Regent’s Park, and South 
Berkshire also conform to this description. 

The russet brown coloration of the head and back of many specimens has 
probably led to the common belief that the grey squirrel interbieeds with tlje 
British Red Squirrel {SduTxia leucoroua Kerr), as there is no positive evidence that 
the two species can interbreed. Descriptions of the grey squiriel in its native 
country show that the brown coloration is identical in the American species also 
(29). There is probably considerably local and seasonal variation in colour, as 
among all other rodents. ’ 

3. Introduction into the British Isles. 

There is little doubt that the present distribution of the American grey 
squirrel in the British Isles is mainly due to the introductions from 1890 onwards 
described below, but there are several records of the occurrence of grey squirrels 
in this country before that date. The following is an extract from a letter to 
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the editor of the ‘ Cambrian Quarterly Magazine' in 1830 (28), for the discovery 
of which I am indebted to Mr. G. Marshall, F.S.A. : — 

“ I believe that the grey squirrel, known to naturalists as the Sciurus cinereus 
of Linnseus and Petit Gris of M. Huffon, has. not been classed an inhabitant of this 
country, yet in some retired glades of Mon tgomeiy shire and Denbighshire a grey 
squirrel is found. Between Llanfair Caer Einon and Llan Eurvyl, in the former 
county, in a line nearly East to West, is a deep woody dingle, called Cwin Llwynog 
(the Fox’s Dingle) ; its wiiulings are intimately known only to the sportsman, 
wood-gatherers, and peasantry of the neighbourhood, and the great retirement 
of the place accounts for the neglect its natural history has experienced ; here a 
grey squirrel lives and breeds. The specimens I hnve seen were as large as a pole- 
cat, or a three-quarters grown rabbit; the head roundish, the eyes very prominent, 
the ears shorter than the common l ed squirrel’s and not the slightest appearance of 
tufts upon them ; the body and legs of a fine grey colour, the latter short and 
muscular and furnished with strong claws ; there is a beautiful variegation of red 
along the sides of the ribs, from the elhow to the hind leg ; the tail is covered with 
hair rather longer than in the common sort, and of a mixture of gi ey and 
black. The description precisely answers to that of the Petit Gris ; whether the 
Welsh animal is one of the same, I venture not an opinion, my object is to call 
the attention of naturalists to the point. 

“ Regarding the habits of the grey squirrel, 1 confess my ignorance, further 
than that their nests present the same ingenious formation as those of the common 
species, and upon a natural presumption w^e may conclude that the grey sort also 
store up wild fruits against the winter, but whether in the hollows of trees or in 
magazines in the earth, as is the case with the foreign Petit Gris, I have had no 
means of ascertaining; they are extremely shy on the approach of man, darting 
through the intricacies of the foliage with amazing swiftness, and taking single 
bounds of many yards’ length. The variableness of our climate considerably 
influences their season of generation; but the young are usually produced from 
the latter part of April to the end of May. 1 have been informed that the grey 
squirrel monopolizes the woods, and that the common red kind are seldom seen 
near them, which appears reasonable enough, for the size and strength of the 
grey animal renders him more than a match for the other, 

‘‘ I have also seen a very fine stufied specimen of the Welsh grey squirrel in 
the possession of a gentleman residing in Chester ; it w^as shot near Llandisilio 
Hall, Denbighshire, in October 1828.” 

It is not possible to say with certainty what species these squirrels were, 
but from the description it seems quite probable that they could have been the 
American grey squirrel {iS*ciuriis carolinensis). No records of its occurrence in that 
area since this letter was written have been found up to the present (except for 
the known introduction near Wrexham), but it is by no metins improbable that 
descendants of these gray squirrels may still be present in the “ great retire- 
ment ” of some of the glens in Mid- and North Wales. 

In a letter to the editor of ‘ Country Life ’ in J929 (27) Miss P. Francklyn 
states : — 

“ My gardener, an old man of 75, born in this part of East Kent (near 
Canterbury), tells me that there were plenty of grey squirrels ** up at Eggarton ” 
when he was a boy. They had always been there. His father and grandfather 
had seen them, and he was sure they had never come from America. They were 
about the size of the red squirrel, but he never saw a red squirrel in that part 
of the country. He had been wood-reeve for many years, and knew the woods 
and forests intimately. The red squirrels were found in the opposite direction in 
King’s Wood .... Eggarton is an extensive tract of forest bearing various 
names, and so might well be the home of a British grey squirrel. . . . Being 
firmly convinced that grey squirrels were aliens, 1 have not studied the local 
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ones closely to see if there is any difference between them and the descendants 
of the American variety. I can only say that those I have seen are much smaller 
than tlie ones to be found in Hyde Park.” 

Up to the time of writing I have had no opportunity of examining 
squirrels from this district, and as no detailed description is available of these 
ancient grey squirrels it is impossible to express any opinion as to their origin. 

In 1884 a pair of grey squirrels were shot at Highdelds, near Nottingham, by 
a correspondent (i) during a visit to that district. Grey squirrels were reported 
to be present at Bestwood and Hartsholme, near Nottingham, in 1929 (26), and 
as far as is known form a colony separate from the other centres. Up to the time 
of writing very little information has been obtained from this district, so that I am 
unable to say whether the present colony may or may not have descended from 
grey squirrels introduced before 1884. 

At Henbury Park, Cheshire, the history of the grey squirrel goes back to 
1876. “ Mr. T. U. Brocklehurst brought two back from America, kept them in a 
large cage on the wall of the house, and exhibited them to inis friends until, tiring 
of them, they were liberated into the adjacent woods (in 1876). Mr. T. U. 
Brocklelmrst died in 1886, being succeeded by his son, Mr. W. W, Brocklehurst.” 
It appears that .the grey squiri els increased steadily until his death in 1918, and 
before the death of Mr. W. W. Brocklehurst they became so troublesome that he 
gave orders to kill them dowm, which order his son Mr. W. A. Brocklehurst in 
turn more heartily backed up. They had however got a very strong hold^* 
(2). Also at Dunham Park, Cheshire, grey S(|uiri’el8 were present before the 
known introduction about 1911. They are stated to have been introduced there 
about 50 years ago (2). 

The most important stock of American grey squirrels was brought to this 
country in 1889 by Mr. G. S. Page, of New Jersey. Five were released in Bushey 
Park, Middlesex, in 1890 (3, 4), but apparently failed to obtain a footing, as none 
were seen in Bushey Park until about the beginningof the present century. About 
ten were put down at Woburn Pnrk, Bedfordshire (5), in the same year, 1890 (4), 
and there increased rapidly. 

A little later a pair are reported to have been turned down at Finnart, on Loch 
Long, Scotland (3), but it is not known whether these came from the same stock 
brought over by Mr. Pago. For the next ten or twelve years no further intro- 
ductions appear to have been made, but during this period the stocks at Woburn 
and Loch Long were presumably increasing in numbers and beginning to extend 
their range. 

About 1902, or a little later, a quite independent introduction is reported at 
Kingston Hill, Surrey, when an American gentleman released a large number of 
grey squirrels from a collection brought over with him (6). As the house taken 
by this gentleman backed on to Richmond Park, it seems probable tliat these 
squirrels were released into the park, or in any event made it their primary home. 
From this date onwards, after they had become numerous at Woburn, a wave of 
introductions took place in all parts of the country, most of the squirrels being 
obtained from the plentiful supply at Wobuim, but others being introduced quite 
independently from America. It is unfortunate that no record was kept at 
Woburn of the squirrels sent to other parts of the country, as such a record would 
have made the task of tracing these secondary introductions a much easier matter 
than it has been found to be. In Table I. all the introductions of grey squirrels 
into the British Isles since 1889 of which evidence has been obtained up to the 
date of writing are summarised. 
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Table I. (For Mmj. 1.) 


Introductions of G re jj Squirrels into the British Isles, 1 


No. 

Locality. 

Date. 

Source. 

R«.ult Kource of 

introd. ‘ Informatioo. 

1 . 

Bushoy, Middlesex . . 

1889 

U.S.A. 

5 

Died out. 

4 

2 . 

Woburn, Bedford 

1890 

U.S.A. 

10 

Increased. 

4. 5 

3. 

Loch Long, Scotland . . 

1892 


2 

Increased. 

3 

4. 

Richmond, Surrey . . 

1902 

U.S.A. 

100 

lucrcascid. 

0 

5. 

Rossett, J)enbigh 

1903 

Woburn 

5 

increased. 

7 

6 . 

Lyme, Cheshire 

1903-04 


25 

Increased. 

2 

7. 

Regents Park, London 

>> ** 99 

1905 

1906 

Woburn. 

W’oburn. 

5 1 

36 

► Increased. 

s 

8 . 

99 99 »» 

Scampston Hall, Yorks 
Kew Gardens, London 

1907 

1906 

Woburn. 

Woburn. 

50 J 
36 

Licreased. 

0 

9. 

1908 

Woburn. 

4 

Increased. 

3 

10 . 

Cliveden, Bucks 



2 1 


lO 

11 . 

Famham Royal, Bucks 

1908 

U.S.A. 

.. 

> Increased. 

I L 

12 . 

99 99 99 

1909 

U.S.A. 


n 

13. 

*> 99 99 

1909 

S. Africa. 

1 J 


11 

14. 

Dunham, Cheshire . . 

1910 


2 

Increased. 

2 

15. 

Frimley, Surrey 

1910 

U.S.A. 

8 

Increased. 

12 

16. 

Sandling, Kent 

1910 

. . 


Increased. 

13 

17. 

Near Chiddingstone, 



. . 

Increased. 

u 

18. 

Kent. 

Bonenden, Kent 




Increased. 

13 

19. 

BramhaU, Cheshire . . 

19ii-12 

Woburn. 

5 

Uncertain. 


20 . 

Birming^.m . . 

Castle Forbes, Ireland 

1912 



Increased. 

14 

21 . 

1913 

Woburn. 

8 * 

Increased. 

15 

22 . 

Near Bedale, Yorks . . 

1913 



Increased. 

lO, 17 

23. 

Nuneham, Oxon 




Increased. 

3» 1^^ 

24. 

Bingley, W. Yorks . . 

1914 


14* 

Slight increase. 

10 

26. 

Exeter, Devon 

1915 

. , 

4 

Increased. 

3 

26. 

Stanwick, Northants. . 

1918 

, . 

2 

Increased. 

20 

27. 

Dunfermline, Fife 

1919 



Increased. 

'21 

28. 

Edinburgh 


Zool. Gdiis. 


Occasional. 

22 

29. 

Bournemouth, Hants 

Before 

London. 

6 

Increased. 

-23» 3 

30. 

Hebden Bridge, W. 

1922. 

1921 


6 or 

8 Slight increase. 

24 

31. 

Yorb. 

Needwood Forest, 

1929 

Bournemouth 

2 

Alive 1930. 

25» 23 

82. 

Staffs. 

Northrepps, Norfolk 





3 

33. 

Ayrshire 

.. 

.. 

.. 

.. 

3 


It is difficult to estimate the relative importance of each of tlie introductions, 
owing to their number and the fact that, especially in Southern England and 
Cheshire, the extension from dilierent centres has now consideraldy ovei lapped. In 
the case of such centres us Stanwick, Northants, Kew, and EiriningiKim the effect 
may have been merely to augment the population locally, as the spread from other 
areas would probably have covered the same ground — and almost certainly has 
done by 1930. In the region of Stanwick, for example, there are siu’e to be 
descendants of the directly introduced specimens and others wliich have spread 
into the district from Woburn. The same reasoning probably applies to many 
parts of South-East England, where five equally distributed centres have contributed 
to the present result. 

Of the centimes tabulated, several are of very little importance as regards the 
distribution up to date. In Yorkshii*e the main distribution is due to the Malton 
and Bedale centres, while those at Bingley and near Halifax appear to have 
made very little headway, although specimens are still in existence there. Up 
to the time of writing I have failed to trace the present existence of any 
squirrels derived from the Norfolk and Ayrshire centres. The Edinburgh centre, 
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up to the present, appears to consist only of occasional escapes from the 
Zoological Gardens at Corstophine, and no pronounced extension has been brought 
to my notice. The grey squirrels present in North Wales in 1828 have, so far 
as is known, no relation to any of the areas at present colonized in that region ; 
in fact, no positive records have been obtained from Wales with the exception 
of the centre just over the border of Denbighshire near Wrexham. 

In Map 1 (PI. I.) the positions of all the centres given in the table are marked, 
the numbers corresponding to the numerical order of the table. 

4. Spbead and Distribution, 

In Map 2 (PI. 11.) the general distribution of the grey squirrel in the British 
Isles by 1930 is shown, with the main centres of introduction marked. The total 
area covered up to date is approximately 13,350 square miles, the greater part of 
which is made up of Houtli-East England, the Midlands, and Yorksliire. 

In mapping out the spread of the grey squirrel sitice its first important 
introduction in 1890 it was found impracticable to construct any form of accurate 
contour-map which would show the progress made from year to year, as the great 
number of separate introductions at difierent dates, and the difiiculty of obtaining 
accurate chronological data regarding both introductions and first appearances, 
make the spread and distribution an extremely complicated matter. In order to 
sliow as much detail as possible of the extension from different centres, separate 
maps have been constructed of the three main areas. Map 3 (PI. III.) gives the 
South and Midlands, incorporating the distribution derived from the Woburn, 
London, and South-Eastern centres; Map 4 (PI. IV.) shows the distribution in 
Yorkshire ; and Map 5 (PI. V.) includes the Cheshire and Denbighshire centres. 

On these maps the introduction -points are marked, and dated where possible, 
and four symbols are used to show that the squirrels reached the localities inarked — 
(<t) before 1910, (5) before 1920, (c) before 1926, (d) before 1930. Other symbols 
are used to show localities where grey squirrels w^ere known to be present in 1930, 
but where the date of arrival has not been ascertained. Negative evidence is not 
given for the whole of the remainder of the country ; but there is ample evidence 
to show that the areas clear of the distribution given are not populated by grey 
squirrels, except for the possibility of a few solitary specimens. The date 1926 
was chosen as one of the limits in order that some of the information contained in 
Dr. F. V. Theobald’s Bulletin on the grey squirrel iti Kent, Surrey, and Sus.sex 
( 13 ) might be incorporated in the map of the South-Eastern area. 

In Maps 3 and 4 thick red lines have been drawn round areas which were 
probably populated before 1920, and a dotted red line indicates the probable limits 
of the distribution in 1930. It must be understood, however, that these contours 
are not by any means accurate for any particular area, but are based on general 
conclusions drawn from the evidence of distribution. 

A tabulated list of all the localities from which positive reports have been 
received is also given, with the date of fii'st arrival, if known. Where more than 
one report has been received from the same locality only one is usually quoted in 
full ; some of the localities tabulated are not marked on the maps when they are 
situated very near to othens which are marked and no noticeable difference in the 
date of arrival is to be shown. As each item of information generally refers to a 
district, rather than to a definite point on the map, it may be t*iken that, 
where the symbols are not widely separated, the grey squirrel is present in most of 
the suitable situations in the marked areas. 

Of the four separate introductions made in the neighbourhood of Farnham 
Boyal and Cliveden, Buckinghamshire, it is impossible to say which were of the 
greatest significance, but the abundance of grey squirrels in that district and 
Burnham Beeches dates back at least to 1910, and it is therefore probable that 
these introductions are together mainly responsible for the numbers in that area. 
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It may be remarked that the single female grey squirrel from South Africa, which 
was released at Farnham Royal in 1 909, was last seen in the company of a red 
male. This grey squirrel would probably be the American species, as they were 
introduced into South Africa by tlie late Cecil Rhodes, and became very numerous 
and troublesome there ( 30 ). 

Tabulitod evidence is given for those pai'ts of the country not included in the 
maps. For the district of Dumbartonshire, in Scotland, it is regretted that recent 
information has not been obtained, and most of the references given are derived 
from literature, being mainly the observations of Mr, James Patterson. 


Ti^BLE 11. (For Map 3.) 

Distribution of Grey Squirrels in the British Isles by 1930. 
Localities where present. 

Kent. 


Sandling (introlucei) . . 

. . 





lt)10 

(JhiddingHtoiio district (introduced) 





? Before 1910 

Benonden (introduced) 






t Before 1905 

Tunbridge Wcdls 






1925 

Edenbridge 






About 1915-18 

Granbrook 






1905 

Bickley 






1916 

Southborough . . 






Before 1927 

Se venoaks -Wcaterham 






1913 

Brasted 






Before 1919 

Brenderlcy 






1926 

I^amberhurst , . 






* • • * 

Rusted . . 






About 1914 

liayos 






Before 1927 

Fairhill, near Tonbridge 






1918 

Chatham 






1929 

C'haring 






Before 1925 

Hawkhurst 






Before 1924 

Crockenhill 






Before 1926 

Mailing 






1919 

Horton Kirby . . 






Before 1926 

Kuckingo 






1921 

Maidstone district 






About 1920 


Northfleet 
Cobham . . 
Newington 
Chevening 
Fenshurst 
Boxley . . 
Hollingbourne . . 
Linton . . 

Marden . . 

Woatwell 

Godmersham . . 

Smeeth 

Frittenden 

Goudhurst 

Biddenden 

Woodohuroh 

Tenterden 

Elmsted .• 

Sussex. 

Ashurst • . 

High Hurst, Uokfield 
Robertsbrii^ .. 
Cross-in-Hand .. 
ghiohester distnot 



Date of 
arrival. 


Source of 
information. 

13 

13 

13 

3L 32 

33 

34 

35» 36 

37 

38 

39» 40 

41 

42 

43 

44 

45 

46 

47 

48 

13 

*3 

13 

13 

^3 


13 


49 

50 

51 

52» 53 

54 
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Localities where present. 

Five Ashes 

Fairlight, Hastings 

Framfield 

Northian-Bodiam 

Crowhurst 

Fridge 

Hastings, parks 

Holliugtoii 

Withyham 

Worth 

Dallington 
Horsham district 

Nuthurst 

Kings Standing 

Crawley Down 

Lindheld 

Billinghurst 

Wisboro’ 

Ewhurst 

Ticehiirst 

Tidebrook 

Wadhurst 

Battle 

Ashbumham 

Wartling 

Brightling 

Guestling 

Bayham 

London and Middlesex. 

Regent’s Park (introduced) . . 

Hjolo Park, etc. 

Hampton Court 

Bushey Park 

Kew Gardens (introduced) 

’LVickenham 

Eu6old 

llickmansworth 

Haredcld, Uxbridge 

Whetstone 

Etlgware 

Hadley, near Barnet 

Surrey. 

Richmond (introduced) 

Warlingham 

Arbrook 

Dorking 

Woolmer Forest 

Great Bookham 

Wisley 

Hambledon 

Caterham 

Camberley 

Walton-on-Thames 

Nutfield 

Frimloy (introduced) 

Tadworth .. .. ' 

Chiddingfold 

Walton -Wey bridge 

Epsom 

Guildford 

Leatherhead 

Ottershaw 


Date of 
arrival. 

1927 

1918 

1919 

Before 1926 

1919 
1921 

1920 

1908 

1909 
1925 
1923 

About 1915 
1929 

Before 1928 
Before 1928 


1919 


Before 1926 


Source of 
information. 


52 

55 

56 
13 
13 
13 

57 
57 


34 


58 


59 

3 » <50 


40 

61 


61 


61 


*3 


. 1905 

8 

. About 1908 

3 

. 1916 

3 

. 1903 

3 

. 1908 

3 

. 1914 

3 

. 1928 

62 

. 

63 

. 1921 

03 

. About 1929 

O4, <55 

. 1928 

66 

. Before 1930 

67 

. 1902 

6 

. 1921 

08 

. 1918 

13 

. Before 1926 

I3» ^>0 

. 1926 

70 

. About 1924 

71 

. 1925 

13 

. 1928 

72 

. About 1920 

73f 3 

. 1914 

74 

. 1915 

75 

. 1929 

76 

. 1910 

12 

. About 1920 

77 

. Before 1929 

78 

. Before 1921 

79 

. ■ . 

80 

. 1930 

43 

. About 1920 

3 

. Before 1924 

82 
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Looalitie’i where present. 


Date of 
arrival. 


Roehampton 

Surbiton 

Chessington 

Esher 

Cobham . . 

Ohortsey 

Bagshot 

Woking 

Virginia Water 

Ockham 

Clandon . . 

Horsley 

Shore 

Albury . , 

Limpsheld 

Woldingham 


^Before 1926 


Source of 
information. 


13 


Esskx. 

Stanway, near Colchester 
Wanstcad Park 

Wiltshire. 

Savernake Forest 

Marlborough 

Salisbury 

Hampshire. 

Alresford 

Alton district 

Alton (West) 

Hartley Wintiicy 

.Andover 

Yatoly 

Basingstoke district . . 

DoraerslioUl 

Fleet 

Silehostcr, near Basingstoke . , 

Hytho 

Bournemouth district (introduced) 

Berkshire. 

(h'owthome 

Reading, South-East 
Ascot district . . 

Tilehurst 

Finchampstead 

Snthampstead 

Upton Ncrvet 

Yattondoii 

Ashampstead 

Thoale 

SwallowHeld 

Buckland 

Wargrave 

Windsor Park 

Hertfoboshirb. 

Kin^ liangloy 
Afihbridge Park 

Bushey Heath 

Little Berkhampstead 

JlitohiR .. •• •« 


. 1927 

83 

. 1917 

84 

. 1925 

85 

. 1929 

86 

. 1928 

87 


.. 1927 

88 

., Before 1.928 

89 , 90 

.. 1930 

91 

. . Before 1926 

92 

.. 1929 

93 

.. 1918 

94 

.. 1919 

95 

. . About 1926 

90 

97 

. . 

98 

. . 1926 

99 

. . Before 1922 

3, 23 


.. 1924 

100 , lOI 

. . 1923 

102 

. . 1919 

103 

.. 1927 

104 

. . 1923 

105 

. . 1926 

106 

, . 1929 

106 

. . 1925 

107 

. . Before 1929 

107 

.. Before 1029 

107 

. . Before 1.027 

108 

. . Before 1928 

108 

. . 1919 

3 

. . About 1921 

69 


. 1921 

109 

. 1916 

3 

. Before 1927 

no 

. 1926 

III 

, 1910 

JI2 
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Date of 

Source of 

Looa 1 itio .4 where present. 




arrival. 

information. 

Stevenage 



. . 


. • . • 

II3 

Watford 



. . 


1919 

3 

Borkhamsted 



. . 


Before 1923 

1 14 

Tring 



, , 


Before 1914 

3 

St. Albans 





Before 1924 


B ( JCKINGH AMSHIRE. 







Farnham Royal (introduced) 





1908-09 

II 

Cliveden (introduced) 





. . 

lO 

Stoke Poges 





1916 

ii 6 

High Wycombe 





1916 

II7 

Ajdesbury district 





Before 1910 

3 

Buckingham 





Before 1923 

3 

Burnham Beeches 





Before 1910 

ii 8 

Newport Pagnell 





1911 

II9 

Brill 





1923 

120 

Stowe 





Before 1923 

3 

Wendovor 





1920 

I2I 

Ellesborough 





1928 

122 

Gt. Misaendon . . 





, , 

122 

Tvinghoe 





Before 1923 

3 

Whaddon 





Before 1»23 

3 

OXFOBOSHIBE. 







Nuneham-Sandford (introduced) 





. . . . 

I 8 , 3 

Oxford district . . 





Before 1913 

r 8 

Oxford City 





About 1»16 

i 8 

Marston 





• » • • 

123 

Bagley 





. . 

123 

Badley 





. . 

123 

Banbury district 





1916 

3 

Harpsden, Henley 





Before 1929 

124 

Charlbury 





1917 

J25 

Chipping Norton 





, , , , 

108 

Sibford Finis 





Before 1928 

126 

Heythrope 





Before 1930 

127 

Kingham 





Before 1929 

127 

Deddington 





Before 1929 

128 

Burforfl 





1925 

108 

Hailey • . . 





Before 1929 

X 08 

Glympton 





Before 1929 

129 

Woodstock 





Before 1929 

123 

Wyfold Court . . 





1928 

130 

Bedfordshire. 







Generally over the whole county 

. • 

, , 

, , 

, , 

Before 1923 

3 

Purvey . . 

, . 

. . 

, , 

. , 

1912 

131 

Woburn (introduced) . . 

. . 

. , 

, , 

, , 

1890 

5 

Leighton Buzzard 

• • 

•• 

•• 

•• 

•• 

132 

Northamptonshire. 







Northampton district . . 

• • 




1920 

134 

Preston Capes . . 





1918 

133 

Stanwick (introduced) . 





1918 

20 

Syiesham 





1916 

135 

Daventry district 





1915 

136 

Piddington 





1915 

*37 

Weston 





About 1912 

138 , 123 

Castle Ashby 





Before 1920 

3 

Wellingborough-Oundle 



, , 


1920-^ 

20 

B;aundB district . • • * 

• • 

• t 


. . 

About 1920 

20 
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Localities where present. 

Wabwiokshibb. 

Brailes 

Birmingham (introduced) 

Birmingham district 

Alcester district 

Princethorpe 

Kenilworth 

Coventry district 

Warley 

Boumeville 

Coleshill 

Carling 

Glouobstbbshire. 

Cheltenham district 

Stonehouse 

Huntingdonshire. 

Buokden 

Brampton 


Date of Source of 
arrival. information. 


Before 1929 
1912 

About 1925 

1924-25 

1918 

1921 

1926 

Before 1928 

1928 

1929 


139 

14 

140, 14T 

142 

143 

144 

145, 149 

146 


147 


148 


149 


1921 130 

1929 151 


2 

2 


Cambridoesthre. 

Occasional near borders of Bedfordshire 


Before 1923 3 


Table III. (For Map 4.) 


Distribution in the Yorkshire Area, 


Localities where present. 


Date of 
arrival. 


Source of 
information. 


Soampston, near Malton (introduced) 

Bedale (introduced) 

Helmsley 

Kingthorpe 

Casrie Howard 

Moreby Escrioh 

Settle 

Ellington, Masham 

Ripon 

Upper Wharfodale 

Keighley 

Jervaulz 

Thornton Dale 

lUdey 

Barden 

Ampleforth 

Sand Hutton 

Sutton-on- Derwent 

York district 

Gilling 

Near Whitby 

Kirklington 

Guisley 

Conwold 

Rainoliife 

Simmington 

Haekness 

Soalby 

Marton-in-Cleveland 

Ingleby 

M^wood, lioeda 

Kirkby Underdale 

Selby 

Pboo. Zooii. Soo.— -.1930, No. LIU. 


1906 

1913 

1913 


Before 1920 

1914 

1929 


1920 


1924 

Before 1926 
Before 1920 
1922 
1928 


1909 

1926 

About 1922-23 
1913 

Before 1929 
Before 1924 

1927 


. . 1929 

. . 1930 

. . Before 1929 
. . 1930 

. . 1927 

. . About 1925 

.. im 

. ^ Before 1923 
Abpnt 1925 


9 

i6, 17 

15^ 

153 

154 
135 

108 

156 

157 

158 


159 

160 

161 
162, 3 

163 

164 
i^>5 

166 

167 
e08 


153 

163 

169 

169 

170 
170 
170 

170 

171 

171 

172 

173 

m 

53 
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Date of Source of 


Localities where present. arrivaL information. 

Near Gainford, Durham 1929 175 

Leybum 1928 176 

Riraton • • About 1926 177 

Scorton • • . . 178 

Haughton, Newbald 1926 179 

Norwallerton district Before 1920 180 

Bingley (introduced) 1914 19 

HkrdcaBtle, Hebden Bridge (introduced) . . . . . . 1921 24 

Plumpton • . • • • • • • 1923 17 


Table IV. (For Map 5.) 


Distribution in the Cheshire Area and North Wales, 


LocalitieB where present. 




Date of 
arrival. 

Source of 
information. 

Henbury (introduced) 


. . 





1876 

2 

Dunham (introduced) 


. . 





About 1880 

2 

Dunham (introduced) 


. . 





1910 

2 , 181 

Bramhall (introduced) 


. . 


• % 



1911-12 

2 , 181 

Lyme (introduced) 


* • 


• e 



1903-04 

2 

Disley 




• • 



Before 1910 

2 

Alderley Edge . * 







1911-12 

2 , 181 

Adlington Hall 






• • 

1904 

2 

Eaton, Congleton . . 





• • 

• • 

1913 

2 

Mottram 





• • 

• • 

1919 

2 

Crag HaU . . 





• • 


1928 

2 

Wi&ington Hall 


• . 





About 1910 

2 

Astle 


. , 





About 1919 

2 

Erwood 







1914 

2 

Goyt Valley . . 


. . 





1914 

2 

Foynton 







Before 1916 

2 

Swy thamley 


. . 





1924 

2 

Hare Hill 







1911 

2 

Birtles 







1918 

2 

Endon Hall 








2 

Upton 







1920 

2 , 182 

Toft 







1920 

2 

Thomeyoroft 







1914 

2 

Oapesthom . . 


. . 





, , 

2 

Kermisham . . 


. . 






2 

Jodrell 


. . 






2 

Ladsham 


. . 





1929 

182 

Claughton 


. . 





1929 

182 

Bowdon 


. . 





1911 

181 

Tatton 


. . 





Before 1924 

181 

Mobberley 


. . 





1922-23 

181 

Rostheme 


. . 





1922-23 

181 

Withington (Lancs) . . 


• ■ 





1916 

181 

Chelfoid 


A • 





1911 

183 

Gawsworth . . • • 


. . 





1926 

2 

Brereton 


. . 





1922 

2 

Norton, near Warrington 








2 

Barleighf ord 







, , 

2 

Moreton 


. . 


• • 



1914 

2 

Bode Heath . . 







Before 1920 

2 

Bossett, Denbigh (introduced) 






1902-03 

7 

Eaton Park . . 

. . 



• • 


• • 

1905 

7 

Marohweil 

. . 



• • 

• A 

A A 

1928 

184 

Bryn-y-Grog . . . • 


• • 


A % 

• • 

• • 

Before 1930 

184 

Chirk 

• • 

• • 


A • 

• • 

A A 

• • •A 

2 

Oswestry .. •• 

• • 

• • 


• f 

• f 

• f 

19^ 

3 
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Table V. 


Diatribuihn in Scotland* 
Localiti68 where present. 

Dumbabtonshibb Abba. 

Finnart (introduced) . 

Arroohar . . . . 

Tarbert 

Luss 

Tnverbeg 

Garelooh-head 

Ambum 

Alexandria 

CuldroBs 

Camiaeskan . . . . 

Row 

Roseneath 

Drymen 

Touch, Stirling 


Date of 
arrival. 


About 1892 
190.3 

1903 

1904 

1906 

1907 

1908 
1912 
1912 
1912 
1912 
1915 
1915 


Source of 
information/ 


3. 22 
185 
185 
185 
185 
185 
185 
185 
185 
185 
185 
22 


Dunfbbmlinb Abba. 

Pittencrieff Park (set free) 

Pitfim 

Rosyth 

Invergowrie, Dundee . . 
Pitfirrane 


1919 21 

Before 1923 21 

Before 1923 21 

1929 — 

About 1927 271 


Edinbubqh Abba. 

Corstophine (escaped) About 1913 3 

Dalmeny Park . . . . About 1919 22 

Edinburgh outskirts 1927 186 


Atbshirb. 

No reports, 1930. 

Brisbane, Largs 1919 3 

Montgreenan . . . . . . . . . . . . Before 1923 3 

Eglington . . . . . . . . . . > . Before 1923 3 


Gentre. 

Co. Longford, Ireland . . 
Exeter 

Bournemouth 
Northxepps, Norfolk 

Nottinghamshire 


Table VI. 


Distribution in other Areas, 


Present Distribution. 

Spread to within a few miles radius of Newtownforbes, 
but said to bo kept under control. 

District of Exeter, and up the Exe Valley about 6 miles 
north of Exeter. 

Throughout gardens and environs of the town 

No records received since before 1923 

Present in woods, Bestwood and Hartsholme, north 
of Nottingham, 1929. 

Wollaton Park 


Source of 
information 

15 

123, 3, 187 

188, 23 
123, 3 f 189, 

190 
26 

191 


The way in which grey squirrels appear suddenly several miles from any 
pi*evioiisly populated locality, the difficulty of obtaining accurate information as 
to datee of first appearances, and the possibility of there being other points of 
introduction besides those already ascertained, make it difficult to trace the 

63 * 
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spread and increase in detail. But« generally speaking, the evidence available 
indicates that the grey squirrel is more inclined to follow the course of a valley 
than to extend on to higher, ground, even though the high ground may be 
pi'ofusely wooded. There are very few hills of any significance in the area of 
England occupied by these squirrels up to date, but it may be remarked that 
from tlie tops of the profusely wooded Chilterns no records have been received, 
although in the neighbouring lowlands and valleys they have been plentiful for a 
considerable time. H, Boyd Watt, in a paper in the ‘ Essex Naturalist * in 1923, 
also remarks on this point, saying that in frequent rambles on the Chiltern Hills 
he had never seen a grey squirrel, although the conditions there appear to be ideal 
for them (3). As will be seen from the map of the Yorkshire area, the high 
ground forms a definite barrier to their distribution, which is in nearly all cases 
confined to the lower ground and river-valleys. Most of the hill-ground in 
Yorkshire, however, is moorland, with patches of woodland only at intervals, so 
that the population of such country would not be so easy as in the case of the 
Chilterns. 

It appears quite certain that the extension of range is not due to over- 
population in areas already occupied. For example, in Wharfedale, Yorkshire, a 
r.ipid extension of range has been going on for the past seven or eight years, and 
a solitary specimen was seen as far west as Settle in 1929 (loS) ; but the numbers 
present in Lower Wharfedale, where they have been present for at least five years, 
are still remarkably small ( 1 58), so that only one or two are occasionally seen. In this 
instance an extension of at least 35 miles has occurred with very little concentration 
ill any localitj'. A similar state of affairs appears to exist in the Kennet Valley, 
west of Beading : the advance up the valley began from the district south of 
Beading soon after 1920, and by 1925 they had reached Savernake Forest (85). 
Some of the districts at the eastern end of the Kennet Valley, however, remained 
free until 1928 or 1929, while tlie numbers west of Beading on this route are 
negligible at the present time. 

On the other hand, many favourable situations, such as Burnham Beeches, 
Bucks (118), Wychwood Forest, Oxori (t 2 $), and Thornton Dale, Yorks (161), 
have become veritable strongholds for grey squirrels, where the numbers appear 
to increase and remain to a great extent confined to the particular district. In an 
area of 500 acres at Burnham Beei^hes 4270 grey squirrels were killed in the ten 
yearsending April 1930 ; and in Wychwood Forest, an area of 1400 acres, 3586 were 
killed in the four years ending December 1929. The annual kills for these areas 
are given below (the year at Burnham Beeches is from May 1st to April 30th) ; — 


Year. Burnham. Wychwood. 

1921 300 — 

1922 168 

1923 514 — 

1924 421 — 

1925 275 - 

1926 700 329 

1927 303 742 

1928 218 994 

1929 1011 1521 

1930 ' 360 — 


The figures for 1929 repi’esent in Burnham Beeches a kill of approximately 2 
per acre, and in Wychwood of 1 per acre, and assuming even that three quarters 
of the total number were killed, this would mean an average density of 3 per acre 
in the former areft and 1*5 per acre in the latter. 
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It is interesting to compare tlieso figures with similar records of red squirrels 
sliot on Scottish estates. At Beaufort, Inverness, one of the worst afflicted aroiis, 
the figures in the plague year of 1907 show that only one squirrel was shot per 
five acres, which, calculated on the same basis, gives a concentration of about *3 per 
acre. 

Extensive migrations of grey squirrels in vast hordes have fre(}uently been 
witnessed in America (192), but no mass migrations have so far been recorded in 
this country. There does, liowever, appe^ir to be a strong migratory instinct 
among individuals rather than masses, as evidenced by the i*apid extension of 
range caiTied out in thinly populated areas such as Wharfedale. It is po>sible 
that in this country the migratory instinct may be stronger in some individuals or 
families than in others, in which case the ones less inclined for migration would, 
by breeding, establish concentrated colonies, while the migralor'y ones were engaged 
in extending the range of the species. In the circumstances under which the 
spread of the grey squirrel has occur red in this couertiy, wliere tlie popidation of 
large areas must in many cases have resulted from the progeny of isolated paiis, 
the genetical cljaracter of the ancestral individuals must have a pronounced 
influence on the character of the descendants, so tliat there is a much greater 
chance of cer'tain vai*iant chai*acters heconiing established in these circumstances 
than in the normal conditions of a constant population. 

5. Habitats. 

Practically all the areas where the grey s(]uirrel has heconre exceeding 
rrumerous are open woodlands or park -lands with deciduous trees, and beech or 
mixed deciduous- conifer woods. In no case does it seem to take to tluMlense 
coniferous woods, which ai’e the i<Ieal habitat of the re<l sqniirvl. In America the 
grey squirrel is found mostly to the south of the big coniferous belts, in the 
deciduous forest zone, whereas the red .•^qiiirtel is the typical noi'tiiern conifer 
forest type. In the present range of the grey squirr el in this countr y tin re are 
very few large coniferous tracts, so that no definite decision can he ar rived at on 
this point. But by the time the grey .squirrel has completely populated this 
country there should be some coniferous forests of considerable extent, arising 
from the afforestation carried on during the last ten years, so that a very 
interesting field for the study of distinctive habitats will then be available. At 
the present time the only common habitat for any squirrel is scattered patches of 
mixed woodland, linked up by hedgerows, isolated trees, gardens, and park-lands, 
and in this habitot grey squirrels appear to live favourably enough. 

They do not seem to avoid human habitations in any way so long as thei'e are 
plenty of trees about, hut there is no reason to suppose that grey squirrels are 
particularly inclined to associate with mankind. The number of halMaine squirr els 
to be seen in parks and pleasure gardens in no way reflects on the character of 
their country cousins. 


6. Habttb 

The grey squirrel is extremely agile and active in the tree-tops, but undoubtedly 
spends a great deal of time on the gi*ound, as it has fi-equently been observed 
several hundred yards from tree.s, apparently searching for bulbs and cortns. When 
disturbed in a wood it will often run a hundred yards or more along the ground 
instead of taking to the nearest tree, as does the red squirrel. I have frequently 
found them in hedgerows quite a mile from any woods. Gamekeepers often catch 
them in traps set at the mouth of rabbit-burrows, and several instances are l ecorded 
of grey squirrels entering rabbit burrows when disturbed ; they have also been 
bolted fr(Hn rabbit-holes during ferreting operatiors. 
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The grey squirrel appeal’s to make several dreys, but it is not known whether 
more than one is in use at the same time. It is probable that fresh dreys are made 
at intervals and the old ones deserted, which would account for the excessive 
number of dreys to he seen in woods favoured by the grey squirrel, most of them 
being uninhabited. In Wychwood Forest an estimate made from actual counts 
shows that in many parts there are at lesist 18 dreys to the acre, most of which are 
old and vacant. The dreys in this district are lodged in beech, oak, sycamore, and 
blackthorn, some in loose outlying .branches and others solidly built in the forks of 
large trees. The materials used for building seem to vary with the dominant trees 
in the immediate locality ; those in oak-trees are invariably built almost entirely 
of oak-leaves and twigs, while in beech-trees the beech-leaves and twigs are 
utilized. Borne in isolated trees in open grassy glades are constructe<l almost 
entirely of long glasses and mos<. One drey carefully examined, which was 
constructed in tlie fork of two main branches off the trunk of a large beech-tree, 
about 18 feet from the ground, was spherical in shape, completely covered at the 
.top, with two entrances at the sides, about 20 inches over-ull diameter. The stout 
base was formed of beech-twigs, ooveie<l by a thick layer of beech-leaves, grass, and 
moss. The whole was roofed over with a mixture of grass and beech lea\ es, 
interspersed with a few small beech-twigs ; the central cavity was no more than 
9 inches in diameter. This particular tree stood on the edge of a grassy ride in 
the wood, so that plenty of grass and moss could be obtained within 10 yards 
of the tree. They have also been seen using the bark stripped from fir-trees 
for making dreys (74). The breeding-nests appear to be built in hollow trees for 
preference, but when no sucli sites are available nests of the above description 
are made for this purpose. 

An observant naturalist informs me that it is quite easy to distinguish the 
dreys of grey squirrels from those of the red species, as the former invariably 
use twigs with the leaves growing on them, while the latter always use dead 
twigs (18). I have not been able to verify this myself, but if such is the case 
a distinction of this kind would be of great value in taking censuses of dreys 
of the two species, and also for work on parasites, scavengers, etc., when it is 
often necessary to know the origin of a nest without the opportunity of seeing tlie 
owner. 

A grey squirrel was seen to jump from a tree on to the back of a cock 
pheasant, much to the alarm of the pheasant (180), while another was seen 
chasing a young wood-pigeon which was unable to fly (108). They appear to 
possess good powers of scent. I watched a grey squirrel running in the tree- 
tops and along the ground through a wood for about a hundred yards; a few 
minutes later one appeared from the same direction, and followed the first one’s 
course in every detail, running up the same sides of particular trees, along the 
same branches, and over the same stretch of ground as the animal he appeared 
to be following, although the first squirrel had disappeared from sight before 
the second one appeared. 

Another grey squirrel was seen to gnaw a hole in an attache case strapped 
to the back of a workman’s bicycle and eat the man’s lunch, which was contained 
therein (68). Discovering that a Cheshire gardener stored corn in his wash- 
house, grey squirrels ^‘attacked the window-frames and tore the wood down 
to the glass, and when tliey got through the open door on one occasion they nearly 
ate their way out through the same window before discovery ” (2). 

Many gamekeepers complain of the grey squirrel’s cleverness in avoiding the 
efiects of a shot-gun by carefully keeping on the opposite side of the tree to the 
keeper. Where pheasants are hand-fed with corn, the squirrels frequently run 
down among the pheasants to feed in front of the keeper, who is unable to shoot 
at them in such circumstances. They have also learnt to work patent pheasant- 
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feeders with their fore paws, in order to tip out the contents on to the ground 

( 78 )-. 

Like other rodents, the grey S(piirrel is obliged to exercise its teeth a great 
deal, by gnawing hard substances such as the bark of trees, in order to prevent 
them growing to an uncomfortable length. One which was kept as a pet by the 
late E. J. Karting grow such enormous incisors that it was unable to feed properly, 
and had to be destroyed (4). 

Numerous observations of pure albino grey squirrels have been reported 
[)ractica11y nil from the South-Eastern district of England. No example of 
melanism has yet been brought to my attention. 


7. Breeding. 

Little is known at present about the reproduction of grey squirrels in this 
country, but I have recently started an investigation into this subject, with the 
help of unique facilities given by Mr. O. Watney in sending me a regular monthly 
quota of squinels for examination from Wychwood Forest, which it is hoped will 
throw some light on the facts of their breeding powers and other points. It 
may be mentioned that 23 females examined during March and April 1930 
showed no signs of pregnancy nor the beginning of sexual activity, although most 
of the males examined were in a sexually active condition. 

There are records of five young found in a nest (194), and a nest with four 
young (Scotland) in April 1927 (195). In America the grey squirrel is stated to 
have four to six young in a litter (29). The earliest record of young found in the 
nest in the Oxford district is May 6th (18). 


8. Food and Damage. 

As the main body of the evidence on which this paper is based has been 
obtained from the observations of a large number of correspondents, many diverse 
views are found to exist regarding the food of the grey squirrel. If stress were 
laid upon the individual observations of people with rather different view-points it 
wold appear that in some districts the grey squirrel exists entirely on the eggs 
and young of pheasants, while in others it would appear to eat nothing but unripe 
walnuts. In order to neutralise the eirors of this kind, two lists have been 
constructed showing all the common ingredients of the grey squirrel’s diet, 
classified under plant and animal headings. The items listed have all been observed 
to be eaten by the squirrels, and a large amount of geneial information has been 
neglected where it was not backed up by first-hand observation. 

As far as can be ascertained there is no noticeable geographical variation 
in the types of food eaten, though of coui-se there is consi«Terable local variation 
dependent on the relative amounts of different foods available. After examination 
of this list it would appear difficult to state what is the most important and usual 
food of the grey squirrel, and one is inclined to agree wdth the assertion of one of 
my correspondents that, “ like rats, they will eat anything.” The food must vary 
a great deal seasonally and with the particular environment of the animals. 
Squirrels living in a woodland area are compelled to makeup their diet from shoots 
and bark of trees, bulbs, nuts, seeds, such wild fruits ns are available, and in 
the nesting season an occasional feed of eggs or young birds, with, perhaps, a young 
rabbit stolen from a nest, if the squirrel is able and fortunate enough to carry out 
such a raid in safety. There is little doubt that green food, fruit, and nuts form 
the major part of the food supply of most grey squirrels, but there is also no doubt 
that these rodents are frequent robbers of birds* nests. 
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Plttnt Life. 
Spruce shootfi. 
liaroh shoots. 
Douglas fir shoots. 
Beech shoots. 

Scots pine shoots. 
Chestnut buds. 
Cherry buds. 
Sycamore bark. 
Broch bark. 
Chestnut bark. 
Magnolia. 
Rhododendrons. 
Bulbs 
Peas. 

Grapes. 

Plums. 

^ples. 

Cherries. 

POaohes. 

Pi»B. 

Pears. 

Loganberries. 

Qoosebeeiris. 

Strawberries. 

Raspberries. 

Tomatoes. 

Hazel nuts. 
Acorns. 

Beech mast. 

Maize. 

Horse chestnuts. 
Spanish chestnuts. 
Walnuts. 

Filberts. 

Pine seeds. 

Larch seeds 
Com, from stores. 
Wheat, growing. 


Table Vll. 

Food of the Grey Squin-el, 


Eggs. 

Animal Life. 

Rook. 

Rabbits. 

Bhbckbird. 

Blackbirds, young. 

Song-Thrush. 

Thrush, young. 

Mistle-Thrush. 

Blue-Tit, adult. 

Starling. 

Jay, young, 
Ghamnch, young. 
Pheasant, young. 

Rook-l^geon. 

Wood-Pigeon. 

Nightingale. 

Partridge, young. 

Woodpecker. 

Npthatoh. 

KestreL 

Bullfinch. 

Pheasant. 

Partrid^. 

Domestic fowls. 

Domestic chickens. 


At present it is difiScult to give any accurate representation of the extent to 
which the grey squirrel robs bii*ds" nests, but there is no doubt that the eggs and 
young of the birds listed have frequently been taken by them. It is probable, 
however, that egg-eating is more an individual habit than a general one, for if all 
grey squirrels were as eager to eat birds' eggs and young as many people seem to 
believe, there would not be a bird left in many of its present strongholds. It is 
difficult to imagine any animal more suited for the practice of robbing nests than 
the squirrel, and if eggs were a much-sought-after food the nests of practically all 
the common birds could be raided with the greatest of ease. In such an area as 
Wychwood Forest there is no reason why the grey squirrel could not exterminate 
the entire resident bird population in the course of one breeding season. But the 
enormous squirrel population of Wychwood does not appear to have reduced the 
birds to any noticeable extent. It is possible that the destruction of eggs is mainly 
the work of rogue ” squirrels which have acquired a particular taste for them. 

If, however, as seems to be the case, the habit of nest-robbing is occasional, 
and generally dependent on the chance of squirrels finding nests in the course of 
their regular wanderings, then it is probable that the birds to suffer most will be 
the smaller species, which are unable to defend their nests against a squirrel, and 
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game-birds, whose nests are often left unprotected at the slightest cause for alarm. 
Both these aspects are of importance to the ornithologist, and the former is likely 
to prove of more serious economic interest in its indii ect effects, oving to the fact< 
that many of the most susceptible birds are insectivorous, and any great reduction 
ill their numbers may be reflected in an increase in the insects upon which they 
normally feed. Strangely enough, the destruction of game- birds* eggs has evoked 
greater consternation than the more far-reaching destruction of insect-eating birds. 

I'he method employed in eating a pheasant’s egg has been carefully watched 
by a reliable observer, and is worth recording beie. The grey squirrel took tlie 
egg in its fore paws and nibbled a hole in the shell of the pointed end. Tlie 
contents of the egg weie then sucked out, the squirrel being observed at intei vals 
to tilt its bead ami swallow the liquid with great enjoyment. Seven out of ten 
eggs from a nest in Bagley Wood, near Oxford, were eaten in this way by the same 
squirrel ( 1 8 ). 

Their offences against the gamekeeper appear to lie in more than one direction, 
as by collecting .iml eating beech-mast they are said to rob pheasants of a valuable 
natural food (193). They gnaw holes in wooden feeiling-boxes to extract the corn, 
and on one estate in Yorksliire it has been fouml necessary to substitute metal 
feeders for the wooden ones (161). When pheasants are being taken in for 
breeding purposes grey squirrels are frequently taken in thetiaps. Jn the spiing 
of 1921), at Birtles Hall, Ciieshire, 32 box-traps were set for pheasants, and the first 
day’s catch was 25 grey squirrels ; when caught in these traps they often gnaw holes 
through the wood and make their escape (2), Grey squirrels have been accused of 
robbing the nests of rooks and causing desertion of the rookeries (196). Birds 
have been seen mobbing grey squirrels in the same manner as they do owls and 
hawks (71). 

Many instances are recorded of young rabbits being killed and eaten, and in 
one case a grey scpiirrol is said to have killed a mature rabbit by biting it at the 
back of the head in the manner of a stoat (197). Several squirrels have been seen 
together making a meal off a dead rabbit ( 136), while a young rabbit laid open near 
a trap is said to be an infallible bait for them (2). They are often caught in traps 
set and baited for stoats with flesh, eggs, etc. A rather amusing incident is 
recounted from an estate in Cheshire: — “ Some little time ago there were rats about 
the ben pens, so he (the keeper) put strychnine on two hen carcases and placed 
one under the cote and one in the open. Next day he found three dead rats and 
a live grey squirrel chewing a hen carcase (2).” 

Several reliable instances of grey squirrels taking bens’ eggs are recorded, and 
one particularly striking one occurred on a poultry farm in Cheshire— though this 
case is not quite conclusive in itself. “ There were 500 head of poultry, and 
shortly the egg supply ran low. Rats were suggested, but one day their terrier 
harked at a fallen tree, and when it was moved by tlie help of a crowbar a grey 
squirrel ran out and was promptly killed by the dog. Over 200 hens’ eggs were 
found stored below ” (2). In the same ai-ea disused rabbit-holes have been found 
^Nicked tightly with chestnuts, acorns, and beech-mast (2). 

In so far as “ eating ” is almost synonymous with damaging ”in this country, 
it must be admitted that the grey squirrel does a great deal of damage to many 
kinds of trees, fruits, and plants. From the forestry point of view serious 
damage is done by peeling or “ ringing ” the bark of young trees, in which respect 
sycamores end beeches appear to be the most affected. In Wycliwood Forest 
hundreds of sycamores and beeches of about 10-20 yeara’ growth have been 
killed by this practice of peeling patches of the entire sap-bearing inner bark 
(if5\ and at Scampston Hall, Yorks, similar damage has been experienced, 
mainly in sycamores (9). In Burnham Beeches the bark of young brandies of 
the beeches has Ijeen treated in the same fashion (1 18). Another serious form 
of damage affecting forestry is the biting off of the shoots and leaders of young 
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conifers. Buds and fresh green shoots of most trees certainly foiin a very 
palatable food for squirrels of all kinds» and when the trees affected are part 
of an afforestation scheme, or happen to be fruit-trees, squirrels must be regarded 
as frustrating human efforts, and consequently a “ pest.” 

Fruits and nuts of most kinds appear to be eaten with avidity, and many 
complaints have been received of the way in which grey squirrels strip trees of 
walnuts, hazel nuts, etc., before the nuts are ripe. The grey squirrel also appears 
to be frequently addicted to the practice of biting off ears of growing corn, and 
has been found taking corn in quantities both from corn-stacks and stores. A 
Cheshire head gardener was under the impression that his men were stealing 
tomatoes from the glass houses until, after a period of watching, he discovered 
that grey squiiTels were entering through the ventilators and removing the 
tomatoes. The tomatoes were found collected into neat piles in some long grass 
nearby, and had not been damaged in any way by the squirrels in the process 
of removal (2). 

Mushrooms and other fungi are freqnentl}’^ eaten by grey squirrels in America 
(198). I have no records of this from the British Isles, but it is probable that 
fungi are eaten when the opportunity occui*s. 

9. Enemies and Parasites. 

The grey squirrel does not appear to have any natural enemies of consequence 
in this country with the exception of man, and possibly disease. Man is, of course, 
a very formidable enemy in such areas as be chooses to exert his influence, ns the 
two examples of shooting records already cited will show ; but, judging by appear- 
ances, even such intensive shooting ns this does not prevent an increase in numbers 
or keep them down to a reasonable level. 

The parasites of the grey squirrel do not appear to have been thoroughly 
worked out in this country, but it is known to have a special flea, i^eratophyUns 
wMhamif which has been found in large numbers in Buckingbamsbiro (199). [ 

have recently started a routine examination of the parasitic raiina of a monthly 
quota of grey squirrels from Wychwood Forest, Oxon, and the fleas obtained from 
56 grey squirrels examined during March-May 1930 up to the time of writing 
are: — 

66 Ceraiophylltbs sduronm Lebrank. 

6 Spihpayllua cuniculi Dale. 

3 CeratophyUua gallincB Lebrank. 

I am indebted to Mr. F. J. Cox for the identification of these fleas. 

It is interesting to note that no specimens of the true grey-squirrel flea, 
CeratophyUus wuikham% are among these fleas collected from the Wychwood 
squirrels. 


10. Seasonal Activity. 

There is little doubt that the grey squirrel remains active throughout the whole 
year, and does not hibernate in the true sense of the word. I'here is, however, 
considerably less activity during the winter months than in the summer, and it is 
probable that the grey squirrel sleeps most of the time during severe weather. The 
number shot in Wychwood Forest varies considerably at different seasons of the 
year. The following are the monthly figures for 1928 and 1929 for this area 


January 52 41 101 

February 35 27 33 

March 32 27 25 

April 36 52 
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May 

... 46 

77 

— 

June 

... 106 

138 

_ 

July 

... 174 

127 


August 

... 162 

313 

— 

September 

... 128 

267 

_ 

October 

... 75 

200 

— 

November 

81 

121 

— 

December 

68 

131 

— 


111 text-fig. 1 a grapli is given of this monthl}’^ variation in tlie niimhers shot, the 
avera.ge of the two years being taken. Tho extreme peak in August is probably 
due in a large measure to the number of young then about in the woods, but it 
must be noted that during the winter there is a much greater chance of the keepers 
shooting 8(|uirrels, as they are more easily seen in the absenceof dense foliage ; also 
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Seasonal variation in numbers of grey nquirrela shot in Wychwood Forest. 
(Data for 1928 and 1929 oombined.) 


general sliooting is less prevalent in the summer than in the winter months. It 
appears certain from this curve that there is much more general activity among the 
squirrels in the summer than in the winter, which is only to be expected. 

They have repeatedly been seen running about on snow, and on almost any fine 
day during the winter some may be found active. 
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n. Fluctuations and Disease. 

Generally s[)eaking, the grey squirrel hos not been in occupation of this country 
for a sufficiently long period to show any marked fluctuation in numbers. At 
Burnham Beeches, however, a series of observations and shooting records ore 
available which show that there has been a considerable variation in the numbers 
present in different yt ars. For some years up to 1918 they were very abundant, 
but in 1919 a great leduction in numbers was noticed, and many were found dead 



/92/ /922 /323 f924 1325 I92S 1927 1928 1929 1930 

Years, 

Ajumal variation in the number of grey squirrels shot at Burnham Beeches from 1921 to 1980. 


with symptoms of mange” ( 200 , 201 ;. In 1920 regular sliooting of grey 
squirrels was started by the gamekeepers, the records of which have already l^eti 
given. In text-fig. 2 the records of the numbers shot since 1920 are shown in 
the form of n graph. There is every reason to believe that the shooting throughout 
tills period was fairly constant, so that the fiuciuatioiis shown, which in some cases 
show a difference of five to one, are probably reflections of a varying population 
rather than a variation in the keeper’s activity. It will be interesting to see if the 
apparent three-year periodicity is a real one. 
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Near Oranbrook, Kent (another area where grey squirrels have been present for 
a considerable period), great numbers were found dead from some disease in 1923- 
24, and the numbers were much reduceil for a time in that district (^ 13 ). At 
Heubury J^ark, Cheshire, in 1925, a disease killed off large numbers ; the squirrels 
were noticed to have fur off in patches, scrofulous skins, and tails like rats ’’ ( 2 ). 
On the Oustle Howard estate. North Yorkshire, grey squirrels wei*e very numerous 
lor a period up to 1922, but about that time a great reduction in numbers occurred, 
and in 1929 they were reported as scarce ( 154 ). At Gilling Castle, a few miles 
fi*oin Castle Howard, they were very numerous about 1920, but by 1929 were 
reported to have decreased considerably in numbers ( 168 ). Also at Ellington, 
Yorkshire, tliey were reported in 1929-30 to be “ not so numerous as a few years 
*'go”(i56). 

In the Weston district, South Northamptonshire, grey squirrels were very 
numerous by about 1920, but from 1926-30 were noticeably less numerous. 
At Oxford they were common in college gardens and in the parks about 1918-24, 
but few were seen fiom 1926-29, and at the time of writing (May 1930) none 
are to be seen in the neighbourhood of the parks and college gardens, and few on 
the outskirts of the city ( 123 ). 

Although it is possible tliat some of these instances may be explained by local 
migrations into more favourable areas, it would appear that in some areas wliere 
the grey squin-el has been established for a long time there are signs of the 
beginning of natural fluctuations in numbers, in some eases associated with 
outbreaks of disease, as is known to be the case with many other rodents, such as 
field- voles in this country ( 202 ), lemming and squirrels in Scandinavia, and 
rabbits and fur-bearing animals in Canada ( 203 ). It is only to be expected that 
the grey squirrel will respond to the as yet unexplained cycles of increase and 
scarcity whicli are so pronounced in other animals throughout the world. 

It may be of interest to mention liere the case of the island of Motuna, 40 miles 
off the coast of New Zealand, which was stocked with rabbits about 1860. Befoie 
1890 a natural cycle in numbers had come into force, controlled by epidemics 
of disease at regular intervals of seven years ( 204 ). 

12. Economic Importance and Control Measures. 

Ill a highly cnltiNated country like Great Britain the support of an additional 
rodent is bound to be of considerable economic significance if its number^ become 
at all large. The progress made by the grey squirrel up to the present time, 
and the high population present in particular areas, leaves little room for doubt 
that it will eventually become distributed throughout the country. When the 
process of colonization of new areas has reached its limit, it is probable that grey 
squirrels will become as abundant over the greater part of the countiy as they 
are in a few localities at present. From the squirrers point of view the nature 
of the country will have undergone a remarkable change by the time it has 
spread into every corner of the British Isles ; there will be at least 750,000 acres 
of additional woodland as a result of the afforestation now going on ; agriculture 
will probably be of a more intensive nature, and therefore more susceptible to 
rodent damage, and a considerable increase in fruit growing is to be expected. 
This country will then be able to support a far larger squirrel po^iulation than 
it can do at the moment — the period about 1950 onwards will, in fact, be an age 
of prosperity for squiri*els if they are allowed to follow their natural inclinations. 
But the increased areas of forest are being raised as a commercial undertaking, 
and consequently the toll which squirrels are bound to levy will become of 
direct financial importance to the country. The enormous damage done to the 
coniferous forests of Scotland by the red squirrel is well known, and there is 
every reason to believe that the grey .squirrel would become quite as formidable 
a pest as the native species, and a less specialized one. 



832 


MR. A. D. MIDDLEl'ON THE HOOLOGT OF THE 


It is difficult to say at present what will be the most serious offence of the 
grey squirrel from an economic standpoint, but it is probable that in the long run 
the destruction of bird-life will be of the greatest importance to both forestry and 
agriculture. The direct destruction of marketable produce must also assume 
considerable dimensions if a heavy grey squirrel population becomes generally 
distributed. The wide range of food-stuffs eaten by the grey squirrel would make 
it a fnr more serious problem, given equal numbers, than the rabbit, and it is 
possible that it may become a pest of equal importance to the brown rat. Fencing 
protection, the standby of agriculturists and foresters against most other rodents, 
is not of the slightest avail against squirrels. It is among agriculturists, especiall}^ 
fruit-growers, that the grey scpiirrel will cause the greatest consternation, as to 
them it ranks ns a pest of a hitlierto unknown kind, while the forester has had 
nrnple experience of the destructive powers of srpiirrels. 

There is little doubt that tlie numbers of grey squirrels will fluctuate pei iodically 
as do the numbers of other rodents, when the population has settled down into a 
state of permanency, and if the fluctuations are as violent as those experienced by 
the red squirrel it is possible that it will become almost extinct for long periods. 
In the course of such fluctuations it will be possible to define more accurately the 
effect which the grey squinel has upon the numbers of various species of birds, as 
it would follow that there would be a corresponding fluctuation in the numbers of 
the birds concerned. 

From the opposite point of view it is possible that the grey squirrel may become 
an impoi t-nit source of revenue as a fur-bearing animal. Though at the present 
time there is practically no market for this fur, there is no reason why such a state 
of affdrs should continue, for a winter coat of the grey squirrel is of much finer 
quality than many of the high-priced foreign furs at present; in great demand. It 
is also possible that the flesh of the gi-ey squirrel may become a recognized delicacy, 
for it is certainly quite palatable if popular prejudice wcn'O not against its use 
for human consumption. The act of placing a commercial price on its head 
would form a most effective means of keeping down the numbers of the grey 
squirrel. 

Up to the present time no organised control-measures have been adopted, 
otlier than shooting in certain areas on the instigation of the owners of estates 
where they are exceptionally troublesome. But if they become a widespread pest 
it would be well worth while trying something in the nature of a national squirrel 
club, on the lines of tlie Highland Squirrel Club in Scotland, The membenB of 
this club pay an annual subscription based on the acreage of woodlaiul on their 
estates, and the funds thus obtained are used to pay for all the squirrel tails sent 
in fi'om the estates of tlie members. By this ingenious system those members who 
shoot a large number of squirrels actually make a considerable profit over their 
subscriptions, which gives considerable incentive to keep down the numbers. 
One member of this club, paying a subscription of £7 5®. Od, received 
£14 25. Od. in tally-money in 1928. As an additional incentive, I believe it is 
usual for the estate owners to hand over all the profits to their keepers or 
foresters. 

In view of the trouble which is arising from the introduction of the grey 
squirrel, it would seem advisable to prohibit by law the wilful introduction of 
alien species without permission fiom an authority qualified to judge the possible 
effects of such introductions. Even at the present time new centres are being 
started by further introductions of grey squirrels into areas as yet unpopulated, 
though I am informed that the Zoological Society of London refuses to supply 
squirrels for such purposes. 

There is a wide and sadly neglected field for research into such matters as the 
biological control of animal pests in this country. 
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13. The IIeduction in the Numbers of the Bed Squirrel. 

Tliere is a widespread impression among people living in the areas colonized by 
the grey squirrel that the common red squirrel {Sciuriia leucorua Kerr) lias been 
reduced in numbers or driven out by the introduced aliens. It is quite certain, 
however, that a remarkable decrease in the numbers of the red squirrel has occurred 
tliroughout the whole of Great Britain since the beginning of the present century 
in all districts alike, both where grey squirrels are present and where none have 
been seen within a hundred miles. 

A good deal of information regarding the fluctuations in numbers of the red 
squirrel throughout the British Isles has been collected in the course of a parallel 
investigation to the grey squirrel inquiry, and full details of this will be published 
later, but a summary is given here of some aspects of this subject which have a 
bearing upon the ecology of the grey squirrel. 

In many instances this decrease in the red squiiTel population occurred quite 
suddenly, the numbers falling from a great abundance to absolute scarcity within 
the course of one or two years. It has been found difhcult to get accurate 
evidence in all cases regarding the causes of these sudden reductions, but in many 
instances they arc known to have been due to outbreaks of epidemic disease, while 
in others, for which less complete evidence is available, diseased and dead squirrels 
were found at the time of the decrease. A few examples of this general decrease 
are given in tabular form, from different parts of the country, with a summary of 
the evidence available concerning them. As the position in Ireland is rendered 
diderent from tliat in England, owing to the comparatively recent introductions 
(or re-introductions) ( 205 ) and spread, a separate table is given for cases of 
decre«ase occurring in Ireland. Jersey is also included in this table. 

From these tables it will be seen that red squirrels have been subjected to a 
violent reduction in numbers, and that in the majority of instances this could have 
had 110 direct connection with the introduction and spread of the grey squiirel. 
Must of the decreases occurred between 1904 and 1914 in England, but in the 
mountainous regions of North Wales, Cumberland, and the North of Scotland, the 
decrease does not appear to have been very marked until about 1920. In many parts 
of Northern Scotland the numbers were at an extremely high peak about 1907-09, 
ainl, though a great reduction did occur immediately after this and on subsequent 
occasions, red sipiirrels are far from scarce at the present time in that region. 

A complete series of shooting records for the New Forest, Hampshire (formerly 
Crown Forest, and now Forestry Commission), from 1880 to 1927 is available, and 
these figures are compiled into a graph of the numbers shot in three-yearly 
periods (text-iig. 3). 1 am indebted to the Forestry Commission for permission to 
use these records. It will be observed that there is a close agreement in the fall in 
numbers after 1904 on this graph with the observational evidence for the same 
area given in this table. 1 may say that the latter information was given to me 
before the records had been tabulated or examined. (1 mention this to show that 
in this case eitiier the observational evidence or the shooting i*ecords could have 
been used with equal justice as a guide to the date of decrease.) Other features of 
this curve will oe discussed with reference to periodic fluctuations. 

14. Disease among Red Squirrels. 

From the evidence available I have little doubt that the decrease in numbers 
since 1900 was mainly due to epidemic disease. The lack of direct evidence of 
disease in many of the cases of sudden reduction does not in any way prove a 
negative, as it is extremely difficult to find people at the present time who, if they 
actually observed such epidemics, have sufficient interest and memory to give the 
necessary information. On the precise nature of the epidemics among red squirrels 
very little evidence is forthcoming. The only pathological examinations which 1 
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Table VfU. 


Ihermsca in the X timber of Red Squirrels, 


S.W. Dovon 
Mid-l')cvon 
N. Devon . . 

N. Soraerfiot . . 
Dorset 

N. Wilts . . 
iSavornako Forest . 
N. Hants 
New Forest . . 

Kent 
N. Oxon 
8 . Oxon- Berks. 
Epping Forest 
Bedfo^hire 
Norfolk 
Northants . . 

Dean Forest 
Shropshire . . 

N. Staffs . . 

N. Lines 
S. Lines 

N. and E. Yorks 
W. Yorks . . 
Cumberland 
N. Northumberland 
S. Northumberland 
S,W. Glamorgan 
Herefordshire 
Cardigan 
Carnarvon . . 

N.E. Fife . . 

Ross . . 

ArgyU 

Berwickshire 


Approx, 
date of 
decrease. 
1905 
1906-10 
1910-12 
1914 

1909- 12 
1900-11 
1908-09 
1906-08 

1904- 08 

1905- 13 
1908-10 
1900-10 

1906- 10 

1912 
1914r-16 
1908-13 

1907- 11 
1903-10 
190B-10 
190(M)9 
1914-16 

1905- 13 

1910- 14 
1925-21 
1910 
1917-20 

1913- 14 

1913 
1908 

1914- 20 

1906- 10 

1910- 12 

1911- 12 

1908- 12 


Disea.<(e. 


Severe. 

Severe. 

Present. 

Severe. 

Severe. 

Severe. 

Present. 


Present. 

Present. 


Present. 


Numbers, 

1925-30. 

Scarce. 

Scarce. 

Scarce. 

Increase. 

Increase. 

Increase. 

Scarce. 

Increase. 

Scarce. 

Scarce. 

Increase. 

Increase. 

Rare. 

Increase. 

Scarce. 

Increase. 

Common 

Licrease. 

Increase. 

Increase. 

Local increase 

Increase. 

Increase. 

Scarce. 

Increase. 

Inorease. 


Present. Increase. 

. . Increase. 

. . Scarce. 

Severe. Increase. 


Grey 

squirrels. 

None. 

None. 

None. 

None. 

None. 

None. 

App. 1925. 
App. 1927-29. 
None. 

App. 1910-20. 
App. 1918-17. 
App. 1925-28. 
None. 
1890-1920 
None. 

1910-20 

None. 

None. 

None. 

None. 

None. 

1910-30 

1920-30 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None, 


Main 
source of 
information. 


213 

2 i 4 » 215 
216 
87 
91 

217217 
33. *18 
33. 38 
18, 3 

130 
177 

131 

219, 220 
138, 137 
221 

222, 223, 224 
225 

217, 226 
227, 228 

170, 153, 152 

158 

229 

233 

230, 231, 232 

234 

235 

236 

2377 238 

239 

240 

241 

242, 243 


Table JX. 


Fluctuations of Red Squirrels in Lelmid, 


District. 

First Max. 

appeared, period. 

Numbers, 

Decrease. Disease. 1928-29. 

Source of 
information. 

Wexford 

.. 1890 

1901-08 

1908-09 

, • . . 

244 

Belfast 

.. 1911 

1923-24 

1925 

Severe. Scarce. 

245, 246 

Armagh 

.. 1908 

1918-24 

1924 

Increase. 

247 

Londonderry 

.. 1899 

1924-29 

. . 

. . Numerous. 

248 

Kilkenny 

. . . . 

1895-1905 

1906-10 

. . Scarce. 

249 

Mullingar 

.. 1891 

1911-12 

1913 

. . Scarce. 

250 

Limerick 

.. 1909 

1920 

1921 

.. Scarce. 

251 

Cork 

. . • . 

1905-13 

1914 

Severe. 

Anon. 

Wicklow 

.. 1883 

1905 

1910-14 

Severe. 

252, 205 

Louth 

.. 1890 

1913 

1914. 

e • • • 

*53 

Jersey, 0hanm)l Islands 

1885 

1914-25 

1925-29 

• • Deoieasing. 

*54 
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Red Squirrels shot in the New Forest^ 1880-1927. 


Year. 

No. 

Tear. 

No. 

Year. 

No. 

1880 

167 

1896.... 

. 430 

1912 

. 140 

1881 

177 

1897.... 

. 546 

1913 

. 208 

1882 

368 

1898.... 

. 630 

1914 

. 283 

1883 

347 

1899.... 

. 494 

1915 

. 275 

1884 

718 

1900.... 

. 541 

1916.... 

. 213 

1885 

466 

1901.... 

871 

1917.... 

196 

1886 

724 

1902.. . 

. 453 

19.8.... 

. 45 

1887 

1436 

1903.... 

. 895 

1919 

. 151 

1888 

826 

1904.... 

. 412 

1920... . 

. 162 

1889 

2281 

1905.... 

. 249 

1921 

. 176 

1890 

789 

1906.... 

. 222 

1922...., 

. 100 

1891 

451 

1907.... 

. 201 

1923 

. Ill 

1892 

805 

1908.... 

. 90 

1924.... 

131 

1893 

1730 

1909.... 

. 116 

1925.... 

83 

1894 

757 

1910.... 

. 116 

1926.... 

. 73 

1895 

549 

1911.... 

. Ill 

1927.... 

35 


Total ... 21352 


have been able to trace are those whicli w(*re instigated by Mr. Meade-Waldo and 
carried out by the Pathologist to the London Zoological Society. Examinations of 
several dead squirrels from Edenbridge, Kent, at intervals between 1904 and 1926, 
all showed the presence of coccidiosis, and this is presumed to have been the main 
cause of the decrease in that ai-ea (33). It is possible, of course, that all the 
instances of disease recorded may have been coccidiosis, which is a very common 
disease among most rodents, but the descriptions of external symptoms from other 
areas do not entirely agree with this view. For the purposes of tin’s paper, how- 
ever, it is suflicient to say that many outbreaks of disease of an unknown nature 
occurred, and wi*re the cause of great mortality among st|uiiTtds. 

It is possible that the grey sc|uirrel may act as a carrier of a <lisease which is 
fatal to the red squirrel but non -pathogenic to the grey sp(’cies, and the occurrence 
of so many epidemics after the first appearance of the grey S{|uirrel lends force to 
this view. Hut if the introduction of disease occurred wu'th the grey squirrel, one 
wouhl e.xpect to find indications of epidemics among tl.e red species spreading 
outwards from the points of introduction of the grey. There is no indication of 
this, as some of the earliest ilecreases occurred in the south-west of England, and 
among the later ones come Norfolk and Lincolnshire — both comparatively near to 
the Woburn centre of the grey squirrel. Indications of disease were recorded in 
Inverness-shire in 1862 (206) and there is no reason to believe that such wide- 
spread reductions among the red squirrels have not been equally as common in the 
distant past ns during the last thirty years. 


15. Fluctuations in the Red Squirrel Population. 

The past history of the red squirrel in England is very obscui'e as i'egai*ds 
periods of notable abundance or scarcity, but there is some evidence to show that 
the numbers have fluctuated considerably over long periods. I have been unable 
to obtain any evidence which ^vould indicate that red squirrels were ever as 
numerous during the first half of the 19th century as they became fiom 1890 
onwards. The records from the New Forest show that a period of comparative 
scarcity must have prevailed immediately prior to 1880, as the squirrels were not 
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836 MB. A* O. MIDDLVTOI7 (yS THB MOhUfSiY OF THS 

troublesome enough to necessitate shooting before that date, and the records from 
1880 show a stea^Ty rise to a high peak in numbers about 1890 (see text-fig. 3). This 
peak was followed by a sharp drop, but another period of abundance was reached in 
1901-03, after which the more pronounced decrease followed (corresponding with 
the epidemic already mentioned), but there is some indication of a further peak in 
1913-15. It will be seen that the interv'als between these peaks are about twelve 
years in each case. 
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Numbers of red squirrels shot in New Forest from 1880 to 1927 (in three-year periods). 

It is iuterostiiig to note here that in the woods south- west of Oxford squirrels 
were noticed to be very numerous about 1876-91, followed by a scarcity. 
A continuous series of observations from the same area has not yet been obtained, 
but they were again very numerous in the district in 1907, followed, of course, by 
the same decrease as experienced in other parts of the country (lOo). 

In Scotland also similar fluctuations have occurred over a considerable period, 
the periods of greatest abundance being about 1890-1910. In text-fig. 4 the 
shooting records from three Scottish estates have been combined into a graph of 


Text-figure 3. 
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the numbers shot annually since 1906; it will be seen that similar periodic 
fluctuations occur in this curve as in that from the New Forest figures, although 
the peaks do not strictly correspond. The figures on which this graph is based are 
given below, and form part of the records of the Highland Squirrel Oluh, to 
the Secretary of which I am indebted for allowing me to use them ( 207 ). The 
Highland Squirrel Club was started in 1903, in an attempt to combat the serious 
damage to forestry caused by the depredations of red squirrels. Tlie three estates 


Text-figure 4. 



Graph of annual variation in numbers of red squirrels shot on three Scottish estates. 
(Smoothed A + B + C.) 


from which the figures for this graph are obtained were chosen as those likely 
to have the most constant area of woodland and the most uniform shooting activity 
throughout the period. The complete record of the Highland Squirrel Club 
cannot be used to show natural fluctuations, as the number of members has not 
been constant throughout the whole period of its activity ; it may be mentioned, 
however, that a total of over 82,000 squirrels has been accounted for from 1903 to 
1929, and the activities of the club are confined to about 36 estates in the north 
of Scotland, 
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Squirrels kUled on throe Sooitish Estates^ 1905-29. 


Tear. 

Beaufort. 

Ardross. 

Novar. 

Total 

1905 

671 

144 

107 

922 

1906 

.... 913 

236 

134 

1283 

1907 

.... 1428 

443 

364 

2235 

1908 

.... 762 

80 

254 

1096 

1909 

.... 1314 

906 

97 

2317 

1910 

.... 768 

267 

205 

1240 

1911 

.... 668 

138 

76 

882 

1912 

.... 657 

167 

90 

914 

1913 

.... 612 

482 

137 

1231 

1914 

.... 583 

188 

123 

894 

1916 

.... 429 

189 

70 

688 

1916 

.... 576 

109 

160 

835 

1917 

.... 734 

562 

184 

1480 

1918 

.... 859 

286 

206 

1361 

1919 

.... 474 

134 

114 

722 

1920 

.... 523 

147 

37 

707 

1921 

.... 417 

207 

28 

652 

1922 

.... 631 

319 

126 

1076 

1923 

.... 686 

287 

64 

1037 

1924 

.... 608 

240 

77 

925 

1925 

.... 362 

156 

52 

670 

1026 

.... 497 

30 

49 

676 

1927 

.... 557 

280 

24 

861 

1928 

.... 846 

262 

93 

1201 

1929 

.... 711 

215 

157 

1083 


Table X. 


Localities in England and Wales where Red Squirrels have shown 
an Increase in Numbers in the Period^ 1925-30. 


Locality. 


Source of 
information. 

Street, Somerset . . 


.. 214 

Wimbomo, Dorset 


.• 255 

Blandford, Dorset 


. . 256 

Swindon, Wilts . . 


.. 87 

Caine, Wilts 


.. 257 

Wickham, Hants . . 


. . 258 

New Forest, Hants 


. . 218 

Ohurt, Surrey 


.. 259 

Haslemere, Sussex 


. . 260 

Hambledon, Surrey 


.. 72 

Wyfold Court, Oxon 


.. 130 

Epping Forest, Essex 


.. 177 

Downham, Norfolk 


. . 220 

Merton, Norfolk . . 


.. 261 

Tenbury, Worcester 
Coleford, Gloster . . 


. . 262 

• . 

.. 263 


Source of 

Locality. inforzuatioii. 

N. LdnOB 227 

Wharfedale, Yorks . , . , 158 

Goathlaud, Yorks . . . . 153 

Skelmanthorpe, Yorks . . . . 264 

Bibstou, Yorks 177 

Couiston, Lancs 265 

lake district, Cumberland-West- 
morland. . .. ,, 108,229 

Whittingham, NorthumbcrJand . 232 

Badnarshiie 266 

S.W. Glamorgan 234 

Angleaev 268 

Portmadoo, N. Wales . . . . 269 

S. Denbighshire 270 

Carnarvon district .. .. 237 


In Table X. a number of districts are given where a noticeable increase in 
the numbers of red squirrels has taken place during the period 1925-30. All these 
localities, with the exception of Hambledon, Surrey, where grey squirrels appeared 
in 1928, are free from grey squirrels at the present time. In no district where the 
grey squirrel has become established » any revival in the numbers of the red 
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8|)eci0S recorded up to date, but it will be seen that the slight increase during 
the past few years has not become general in all tlie areas where no grey squirrels 
are present, so that it is probably only the very beginning of a geiieral increase 
of the red squirrels. 

From the evidence available there seems little doubt that the red LKjuirrel 
population has always been subject to marked fluctuations in numbers, and, though 
at present the periodicity of these fluctuations docs not appear to be regular in all 
localities, it is probable that when more continuous and accurate data are available 
it will be found that there is a natural cycle in the numbers, as is known to be the 
case with many other rodents (202, 203, 208, 209). 

16. The Inter-relations of Bed and Grey Squirrels. 

In view of the fluctuations in the red squirrel population, and the fact that the 
increase of the grey squirrel coincided with a period of natural depression among 
the native species, it is impossible at the pivsent time to make any definite 
assertions regarding the effects of the introduced aliens on the red squirrels in this 
country. As there have been indications during tlie last few years of a revival in 
the numbers of the red squirrel, it is probable that anotiier period of abundance is 
approaching, and in that event there will be plenty of evidence available regarding 
the relations betw een tlie two species. 

Several instances of actual fights between the two species, resulting in victory 
for the grey, have been reported, but several cases have also been found of red and 
grey squirrels living amicably together in the same district, so that the evidence 
either for or against any active animosity between the two is at present quite 
inconclusive. It may be mentioned that in America the red sqniirel is 
invariably the more pugnacious of the two, and has repeatedly been seen chasing 
and attacking the larger grey squirrel, much to the discomfiture of tl)e latter 
(210). It may be well to mention here the fallacious but frequently repeated 
story which lias arisen in America that the red squirrels castrate the greys by 
biting off their testes (210). A revemil of tliis story has been adopted in this 
country, where it is often stated that the grey squirrel costrates the red. Jn the 
British Isles, so far as I am aware, there is not a shred of evidence to support such a 
i.heory, and in America it was based ufion a few solitary cases of apparent castra- 
tion. 'Phe testes of most squirrels, in common with other rodents, are extremely 
small during the winter months so that the external scrotum is very inconspicuous 
ill the winter ns compared with the summer breeding condition ; consequently it is 
very easy, by superficial observation, to mistake tliis winter condition for castration. 

Whereas the red squirrel in its favourite haunt, the conifer forest, has a very 
limited food-range, consisting of seeds, bark, buds, and fungi, the grey squirrel is 
not specialized in this manner, and favours a much wider range of food-stuffs. It 
has already been stated, when discussing the habitat of tlie grey squirrel, that an 
opportunity of observing whether it will live in pure coniferous areas in this 
country bus not yet arisen, so that it is impossible to say whether the future 
will show a clearly- marked division between the red squirrel habitat in the 
coniferous woods and that of the grey squirrel in tlie mixed deciduous woods 
and more open areas. But the existence of this well-defined distinction in America 
makes it appear unlikely that the grey squirrel will ever a<1apt itself to tlie 
specialized life in the piue-forests of the Sottish Highlands, and it is probable that 
the large coniferous forests recently planted throughout Great Britain will form 
strongholds of the red squirrel, immune from serious competition with the grey 
species. There is bound to be competition, and perhaps ant agonism, on the border- 
zones of these habitats, and it is possible that the red squirrel will be severely 
restricted in choice of habitat by the grey squirrel, but it is also possible that the 
latter will be driven away from the habitats most favoured by the native species. 



B40 


MR. A. D. MIOPLBTOK ON THB XOOLOQT OF THI 


The third possibility, though hardly a likely one, is that the two species will 
live together in all habitats quite amieably. But whatever may be the future 
relations of the two, there is no evidence at the moment on which to base the 
supposition that the red squirrel will inevitably be exterminated by the grey. A 
sudden decrease in the numbers of the grey which may occur in the future, in the 
course of a natural periodicity in numbers, will perhaps be wrongly attributed to 
the attacks of the red squirrels. 


17. Summary. 

In this paper details are given of 33 centres of introduction of grey squirrels 
{Sciurm carolinensis) in the British Isles during the period 1889-1930, and it is 
shown that grey squirrels were present in this country in some places as early as 
1828. By 193 ) the grey squirrel had populated a total area of approximately 
13,350 square miles, mainly in Southern England, Cheshire, and Yorkshire, and 
there is every reason to believe that it will eventually cover the whole country 
with the possible exception of mountainous districts such ns Northern Scothmd. 

The British red squirrel {Sciurus leucorom) is subject to pronounced fluctua- 
tions in numbers, and a great decrease occurred about 1904-14 throughout the 
whole country, being apparently due to disease. There is some evidence of a 
revival of the red squirrel population during the past few years. The decrease of 
red squirrels appears to have no connection with the spread of the grey squirrel, 
and little evidence is yet available regarding competition or antagonism between 
the two species. 
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47. Mr. H. E. Littledale. 

48. Mr. T. Hendrie. 

49. Mr. N. S. Luoas. 

50. Mr. J. H. Newman. 

51. Col. J. S. 0 . R.-Luxford. 

52. Mr. E. Aston. 

53. Mr. H. W. Stone. 

55. Mr. C. E. Shipley. 

56. Mr. E. Bartlett. 

57. Mr. F. Faraker. 

58. Mrs. G. G. Miller. 

59. Mr. M. Burr. 

60. Mr. A. T. Townsend. 

61. Mr. C. J. Davies. 

62. Mr. F. Hanson. 

63. Mr, A. Boarder. 

64. Mr. D. B. Oram. 

65. Mr. J. Sweet. 

66. Mr. G. I. Soott-Monorieff. 

67. Mr. A. S. Juniper. 

68. Mr.A. BeadeU. 

69. Mr. £. J. Aroott. 

70. Mr. A. Simpson. 

71. Bfr. J. H. S. Burton. 

72. Mr. E. Parker. 

73. Mr. 8. H. Priestley. 
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BeL No. Name. 

74. lire. £. M. Swame. 

75. Mr. 8. Lawrexioe. 

76. Mr. W. M. Bevan. 

77. Mr. A. M. CouIboo. 

78. Mr. R. Butler. 

79. Maj. Sir H. B. Peirae. 

80. Mr.E. C. Cope. 

82. Mr. H. D. Curroll. 

83. Mr. J. B. Colvin. 

84. Mr. A. B. Homblower. 

85. Marquis of Ailesbury. 

86. Mr. C. E. J. Crawford. 

87. Rev. E. H. Coddard. 

88. Mr. J. Brown. 

89. Major M. Portal. 

90. Lo^ Selbome. 

91. Mr. W. T. Arnold. 

92. Dr. W. Balgamie. 

95. Mr. J. Fathur. 

96. Miss K. Conran. 

97. Miss M. Leveson-Gower. 

98. Miss N. D. Stevens. 

99. Mr. T. D. W3mne-We8toi). 

100. Mr. W. Payne. 

101. Mr. H. Mathesor. 

102. Dr. L. H. Jackson. 

103. Mr. A. J. C. George. 

104. Mr. H. Barnett. 

105. Col. M. A. C. Crowe. 

106. Rev. S. E. Chavasse. 

107. Mr. R. E. Steavonson. 

108. Mr. C. S. Elton. 

109. Mr. R. Fisher, 
no. Mr. H. Corvin. 

111. Mr. A. E. Prioe. 

1 12. Dr. A. H. Foster. 

1 13. Mrs. M. A. Gates. 

1 14. Mr. C. Oldham. 

115. Mr. R. W. Hiokling. 

1 16. Mr. H. Lidstone. 

1 17. Mr. E. N. Jjane. 

1 18. Mr. G. Arnett. 

120. Mr. White Thompson. 

121. Mr. F. B. PuTBsell. 

122. Mr. R. B. MoKeiTow. 

123. A. D. Middleton. 

124. Miss E. M. Markland. 

125. Mr. Oliver Watney. 

126. Bir. J. Lamb. 

127. Mr. T. A. Rose. 

128. Countess of Longford. 

129. Rev. J. E. Barlm. 

130. Lord Wyfold. 

131. Mrs. E. G. Lindsell. 

132. Mr. M. Godfrey. 

133. Mr. S. W. Leeson. 

134. Mr. W. A. Walker. 

135. Mr. G. H. GulUver. 

136. Mr.H. B. Hall. 

137. Mr. T. Jones. 

138. Mr. J. R. Middleton. 

139. Mr. G. Bullock. 

140. Mr. T. W. Deane. 

X41. Mr. C. Lowe. 

X42. Mr. M. Walker. 


Ref. No. Name. 

X43. Mr. R. Campion. 

144. Mr. W. S. Joyce. 

145. Mr. W. N. Lindley. 

146. Mr. A. R. Thompson. 

147. Mrs. M, J. Patteson. 

148. Mr. S. A. Waterson. 

149. Mr. A. P. Pridhumo. 

150. Dr. O. H. Wild. 

15 1. Miss S. Butlin. 

152. Mr. A. Gordon. 

153. Mr. F. J. Flinioff. 

154. Mr. W. Brown. 

155. Miss C. Prestin. 

156. Mr. C. T. Webster. 

157. Mr. C. Julian. 

158. Mr. H. B. Booth. 

159. Mr. F. H. Edmondson. 

160. Mr. H. Hirst. 

161. Mr. J. Green. 

162. Mr. F. H. Ball. 

163. Mr. V. C. Wynne-Edwards. 

164. Mr. R. B. Wilson. 

165. Mr. P. Baldwin. 

166. Mr. P. Smith. 

167. Mr. S. Smith. 

168. Mr. J. England. 

169. Mr. C. R. Busfield. 

170. Mr. W. J. Clarko. 

171. Mr. M. Odling. 

172. Miss J. B. Kitson. 

173. Mr. J. Richardson. 

174. Mr. J. Morris. 

175. Mrs. 8. O. Plant. 

176. Mr. J. Hogg. 

177. Mr. G. I>ent. 

178. Mr. H. Masterman. 

179. Mr. E. W. Wade. 

180. Dr. W. Baigent. 

181. Mr. T. A. Coward. 

182. Mr. W. R. DalzoU. 

183. Mr. T. Wilson. 

184. Mr. R. S. Brown. 

186. Dr. H. M. Steven. 

187. Mr. W. D. Russell. 

188. Rev. T. V. Morley. 

189. Mr. J. Gunn. 

190. Mr. H. J. Howard. 

19X. Mr. H. P. Jones. 

195. Mr. J. A. Sweetlove. 

197. Mr. H. 8. Illingworth. 

199. Mr. F. J. Cox. 

200. Mr. W. James. 

201. Rev. Canon A. T. Barnet. 
207. Mr. A. H. Duncan. 

211. Mr. W. A. Evans. 

213. Mr. C. 8. Saxton. 

214. Mr. H. Underwood. 

215. (!Jol. Pretor-Pinny. 

216. Mrs. E. M. Degad. 

217. Mr. W. Tribe. 

218. Mr. L. 8. Osmaston. 

219. Mr. G. Gurney. 

220. Mr. R. Stocks. 

221. Mr. A. H. Popert. 

222. Mr. G. Potts. 
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Ref. No. Name. 

223. Mr. H. E. Forrest. 

224. Miss Frances Pitt. 

225. Mr. J. R. B. Masefield. 

226. Sir 6. Whichcote. 

227. Mr. T. G. P. Beasley. 

228. Capt. J. Reeve. 

229. Mr. A. Astley. 

230. Mr. F.W. HaU. 

231. Mr. R. Douglas. 

232. Mr. W. J. Bewick. 

233. Mr. G. Elliott. 

234. Mr. R. Cory. 

235. Mr. G. E. Blundell. 

236. Mr. H. M. Vaughan. 

237. Major O. Greaves. 

238. Mr. J. R. Davies. 

239. Mr. W. Berry. 

240. Mr. G. G. Johnstone. 

241. Mr. Kennedy. 

242. The Earl of Home. 

243. Mr. R. Johnston. 

244. Mr. C. B. Mofiat. 

245. Mr. T. Byers. 

246. Mr. J. A. S. Stendall. 


Ref. No. Namoi, 

247. Mr. J. R, 0. 

248. Miss L. MaoCuliooh. 

249. Mr. G. L. Murray. 

250. Rev. P. Poe. 

251. The Knight of Glin. 

252. Mr. G. I^-Aoton. 

253. Mr. G. H. Peatland* 

254. Mr. G. F. B. de Gruohy. 

255. Miss K. A. Rioardo. 

256. Mr. W. Ford, 

257. Mr. A. 0. Hood. 

258. Gapt. A. Arnold. 

259. Mr. C, G. O. Bond. 

2to. Mr. E. M. Nicholson. 

261. Mr. F. Woolsey. 

262. Rev. A. EHison. 

263. Mr. W. J. Humphries. 

264. Mr. F. Lawton. 

265. Mr. W. G. Wilson. 

266. Mr. P. Harrison. 

268. Miss S. F. Lloyd. 

269. Mr. M. Speake. 

270. Mr. F. G. Best. 

271. Miss M. Halkett. 
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EXPLANATION OF THE PLATES. 

Plats I. 

Map 1.— Introdnction of grey eqnirrele into the British lelee, 1889-1930. 

(The numbers refer to list in Table I.) 

Plate JI. 

Map 2.— General distribution of grey squirrels in the British Isles 
in 1930, with main centres marked. 

Plate HI. 

Map 8 . — Distribution of grey squirrels by 1930 in S.E. England and Midlands. 

Plats IV. 

Map 4.— Distribution of grey squirrels in Yorkshire by 1930. 

Plate V. 

Map 3.— Distribution of grey squirrels in the Cheshire district and North Wales by 1930. 

Plate VL 

American Grey Squirrel (Bciurw carolin 0 n$$), 

British Bed Squirrel (S. Uucorous)* 
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EXHIBITIONS i.ND NOTICES. 

Hay 6tli« 1930. 

Prof. B. W, MaoBbide, M.A., F.R.S., Vice-President, in the Ohair. 

The Secretary communicated the following note he had received on t.wo Lioii' 
Tiger Hybrids now in the collection of the Munich Zoological Gardens: — 

“ Visitors to Munich’s Zoo in Hellabrun can now see two hybrids from a lion as 
sire and a tiger as dam. They are now a year and three-quarters old an<l are 
developing splendidly. The two — both are females — vary from both sire and dam 
in the shape of the skull and their colouring. Instead of the sharp profile of the 
Hon 8 head and the curve of the tiger’s skull, both these hybrids have gently 
sloping profiles. Their colouring is darker than that of the lion, and the tiger's 
characteristic stripes, although present, are a reddish brown instead of blsick. 
Both animals are comparatively tame. 

** The sire of the Munich hybrids, who is also in the same Zoo, is an especially 
beautitul and well-developed specimen of the North African Atlas lion, which is 
somewlmt smaller than the Bast African lion, but much more graceful and comely. 
I'liis species is gradually dying out, and there are probably few zoological gardens 
anywhere that possess as fine a specimen as Sultan ” of Munich, with his 
magnificent black neck and the long mane along the median line of the lower side 
of the body — a special characteristic of the Atlas lion. The dam is a Sumatra 
tiger which was bred in the zoological garden at Frankfort-on-Main. These 
so-called island tigers are small compared with the royal tiger, but with more 
strongly marked striping.” 


Miss E. M. Brown, B.Sc., exhibited, and made remarks upon, some 
Protozoan Parasites of Fishes. 


Mr. E. G. Boulenger, F.Z.S., exhibited, (1) living specimens of the Poison- 
Frog (IJendrohates iwtctwiws), and (2) a male specimen of the Midwife-Toad {Alyies 
ohstetrim^iui) carrying the eggs. 


May 20th, 1930. 

The Lord Bothschild, D.Sc., Ph.D., F.B.S., Vice-President, in the Chair. 

The Secretary read the following Report on the Additions to the Society's 
Menagerie during the month of April 1930 : — 

The registered additions to the Society’s Menagerie during the month of 
April were 620 in number. Of these 45 were acquired by presentation, 546 
were purchased, 11 were deposited, 2 were received in exchange, and 16 were 
born in the Menagerie. 

The following may be specially mentioned ; — 

2 Lion Cubs (Felia /so), from Kenya, presented by Dr. Martinellia on April 
15th. 
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LANTUK-BUIHttl OF TOUIIQ nOMT HIFFOPOTAMUa. 


6 Blackbuek(i cervimpra)^ from India, presented by H.H. The Maharaja 
of Jaipur on April 22nd. 

1 Rheinard’s Pheasant {Eheinardia oceUaia)^ from Annam, presented by 
Mons. J. Delacour, F.Z.S., on April 9th. 


Major S. S. Flowkr, O.B.E., F.Z.S., exhibited, and made remarks upon, a 
series of photographs of Gorilla, Elephant Seals, and other animals now living in 
the Carl Hagenbeck Tierpark at Stellingen, near Hamburg. 


Mr. D. Seth-Smitii, F.Z.S., exhibited three Ian tern -si ides from photogiaplis be 
had taken of a young Pigmy Hippopotamus {Choeropm Uberiensis) and made the 
following remarks : — 

The female Pigmy Hippopotamus presented to the Society by the New York 
Zoological Society as, a Centenary gift gave birth to a calf on May 1 1 th at 
8.30 A.M. in her den, the period of gestation having been 247 days. 

The pond was at once cleaned and refilled, and at 4 p.m., when the temperature 
of the water had been raised to about 90° Fahr., the door leading from the den to 
the pond was opened. The Hippo., however, showed no inclination to go into the 
water but stayed with her calf in her den for the rest of the day. At times she 
lay on her side with her back facing us so that it was impossible to see if she was 
suckling the calf. 

Head-Keeper Bowman stayed in the house all the fii*st night. At 11 p.m., 
when I left, motlier and calf were fast asleep, but at 11.30 the mother turned over 
on her side and suckled the calf for some twenty minutes. This was repeated at 
2 A.M. and at 4.30 a.m. At 5.30 a.m. the mother went into the bath, leaving her 
calf asleep in the den. Here she stayed for nearly an hour, then went back to the 
calf, which she suckled every two hours. It was not until 6 p.m. on Sunday, 
34 hours after the birth, that the mother and calf went into the water together. 
The latter swam well and seemed quite at home, and from then the mother suckled 
it under the water about every two hours. They were still in the water at 8 a.m. 
the next morning, shortly after which they both returned to the den and went to 
sleep, and the two remained sleeping until 3 p.m. 

These habits differ somewhat from those of Hippopotamus amphibius, which 
takes its calf to the water immediately after birth and apparently never suckles it 
on land. 

The Pigmy calf appeared to be about sixteen inches in length at birth, and 
was able to walk well from the first. 

It was timed to remain under the water for periods of some thirty seconds. 

The mother, while mostly suckling the calf when in the water, was noticed 
occasionally to do so on land, sometimes when standing, the calf going down on its 
knees ” like a young pig. 


Col. A. E. Hamerton, O.M.G., D.S.O., F.Z.S., exhibited a collection of photo- 
graphs illustrating his Remarks on Trypanosomiasis in relation to Man and 
Beast in Africa.'’ 
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June Srd, 1980. 

Sir Abtbub Siutb Woouwabd, F.R.S., Vice-President, in the Chair. 

Mr. J. B. NoaHAF, F.Z.S,, exhibited, and made remarks upon, the Pectoral Fin 
of an exceptionally large Flying- Fish {Exoccetus femandetianue) from Juan 
Fernandez collected by Mr. Arthur Haserick, F.Z.S. 


Col. S. Monoetok Oopeuan, M.D., F.R.S., F.Z.S., exhibited, and made remarks 
upon, a rare variety of the Waved Timber Moth, HenurophUa dbruptaria var. 
uniodor, caught on Primrose Hill. 


[Proceedings, 1930, Part II. (pp. 261-548), was published on 
August 14th, 1930.] 
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39. The British Musaain Ooilectioii of Amphibia from the Middle Coal 
Measures of Liiiten, Ohio. By Makgarbt 0. Stbbn, B.Sc. 
(Zoology Department, University College, London.) 

[Beoeived May 6, 1930 ; Bead Jnne 3, 1930.] 

(Plates I.-VI.*; Text-figures 1-21.) 
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Introduction. 

Fossil remains of Amphibia from the Coal Measures of the worid are extremely 
i*are, and are known only from a few restricted localities in America and Europe. 
One of the chief American localities is that of Linton, Oliio, and it is with the 
British Museum collection of Linton Amphibia that thia paper is concerned. 

Amphibian material from Linton was first described by Newberry in 1875, 
and later by Oope, who figured and described a large number of genera and species. 
Tlie fauna was finally monographed by Moo<lie in 1916. Extremely little, bow- 
has been known of the structure of the animals which compose it, and their 
tdassifioation is unsatisfactory. 

P*oc. Zoox,. Spo,— 1930, No. LV, 
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MISS M. 0. STBBN ON THB BBITISH MUSBUM COLLBOTION OF 


At Professor D. M. S. Watson’s suggestion, I examined the British Museum 
collection of Amphibia from the Middle Goal Measures of Linton, Ohio. This 
collection, made over fifty years ago, was in the possession of J. W. Davies, and 
reached the Museum after his death. It has remained untouched since that time. 
Tlie material when received showed little or no structure, but after preparation 
such excellent results were obtained that it is now possible to form some real idea 
of the morphology of the animals represented in the collection and of their 
relationships. 

It was impossible for me to identify the bulk of the material as the type- 
specimens were inaccessible, and the literature inadequate for this purpose. 
Professor A. S. Bomer, of Chicago, who published this year an excellent paper on 
the American collections of Linton material, recently visited University College 
and examined the British Museum collection ; to his kindness 1 owe the identifi- 
cation of most specimens. It is, moreover, satisfactory that our results are generally 
in agreement. 

1 wish to take this opportunity of thanking Professor D. M. S. Watson, F.R.S., 
in whose department this work was carried out, not only for the great interest he 
has taken and the generous help he has given me, but also for the original 
inspiration to examine this material. 

Some of the photographs, from which the text-figures used here were made, 
were taken by Mr. J. Thomas, of the Zoological Dept., University College, to whom 
I wish to express my thunk.s. 

Finally, I wish to thank the Department of Scientific and Industrial Research 
for the grant which has enabled me to undertake this work. 

Method of Preparation, 

The source of the Linton material is a thin band of cannel coal, found in 
association with true coal. All evidence as to the formation of these bands 
suggests that they represent muds containing organic detritus, laid down in 
extensive pools or shallow lakes, which lay isolated amongst the vast Carboniferous 
forests. 

The British Museum collection consists of thirty-seven specimens, and contains 
some exceptionally good skulls. Three specimens sliow almost the entii'e animal, 
seventeen of the remaining specimens are skulls, of which two are fragmentary ; 
with some, body remains are associated. The rest of the material consists of 
fragments of vertebral column, vertebrie and ribs, body scaling, one interclavicle, 
and one lower jaw. Although small, this collection contains specimens of most 
species present in the fauna of the Linton cannel coal bed. 

The skulls of Amphibia from Linton have hitherto shown no structure since 
they appear as a duJl fractured face when found, but on treatment with hydro- 
chloric acid the bone dissolves completely away, leaving on the cannel coal a clear 
and distinct impression. Small specimens were put face downwards in a shallow 
Imth of acid, while the larger specimens were surrounded by a plasticene wall, 
inside which an acid pool could be formed. The object is to have as little as 
possible of the matrix in contact with the acid. No definite concentration of acid 
was used, since concentrated hydrochloric acid added directly to the pool of water 
gave the best results. In many of the specimens the bone seems to be preserved 
partly as pyrite, and where this is so the action is much slower. After exposure 
to acid for some time, the surface of the specimen degenerates into a black spongy 
mess on which the acid has no further efiTect. This condition was avoided by 
frequently removing the specimen and brushing under the tap with a stiff brush, 
so that a fresh surface is exposed. The time taken in the preparation of a specimen 
varies from two to ten days. In some cases prolonged soaking in water is necessaiy 
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to ensure complete removal of the calcium chloride formed during preparation 
before the specimen will dry quickly 

The skulls are usually dorsoventrally flattened, indicating that the heads in life 
were broad and flat. This compression has in some specimens brought the ventral 
surface of the skull roof into contact with the dorsal surface of the palate, so that 
both the ventral surface of the palate and the inner surface of the skull roof are 
often superimposed on the same impression. The perfection of the preservation 
facilitates the interpretation of such specimens. 

Drawing and Rbconstrucjtion. 

The following method was employed to ensure accuracy in drawing. The actual 
specimen was taken, and all details of structure (^sutures, lateral line, etc.) outlined 
by painting with Chinese white under a binocular microscope. These were photo- 
graphed. The photographs were lined in with Indian ink, and the sutures checked 
from a plasticene squeeze observed under a binocular microscope. From these inked 
photographs tracings were taken and line drawings m ide to correspond with the 
squeezes (i. laterally reversed). The existing plates and figures being so inade- 
quate it was thought worth while to include photographs of squeezes of almost all 
the specimens and laV)elled line drawings to form keys to them. 

The reconstructed drawings were made from tho.se tracings. Both dorsal surface 
and palate may bo shown by the scpieezes, either iti a single specimen, or where 
both slab and counterpart have been preserved. In such cases it is possible to 
dra w reconstructions of the .skull with considerable accuracy. The appearance of 
all the .specimens sngge^sts that the palate was flat. Crushing therefore, although 
it may have displaced bones, will not have altered their width to any 
apf>r(3ciahle extent. If, then, tracing.s of the palatal hones he replaced so that they 
articulate accurately, a complete palate will he reformed, and so the relative 
positions of the tooth-hearing margins of the preinaxillse and maxillte fixed. If 
the <pia<lrate is ])resent, or if its width can he as(?ertained in any way, the position 
of the (juadra to jugal can he established, thus completing the outline of the skull. 

I'lie dorsal surface is then restored on the assum])tion that the interorhital 
region and the table which lies behind it are flat. 'Che positions which the sutures 
of the other hones of the skull will occupy ou doi’sal projection are determined by 
noting the widtli.^ of the individual bones along a transverse line on a strip of paper. 
The strip i.s then bent, so that the margins of the skull are the correct distances apart, 
ns determined by the palatal reconstruction, and the section appears leasonable. 

In the reconstructions of the donsal surface of the skulls any asymmetry which 
is shown on the specimen has been retained. The palates have all been made sym- 
metrical by a compromise between the actual outlines of the hones of each side, as 
they were symmetrical during life. 

A few specimens were outlined by painting sutures, etc., with Chinese white and 
drawn directly by means of a camera lucida. 

Classification. 

The classification of the Palajozoic Amphibia is based primarily on structural 
differences in the vertebral column. Four types of vertebra?, between which no 
intermediate morphological forms are known, are present throughout their evolu- 
tionary history. These types are distinguished easily from one another in fossil 
material, and thus, although their morphological nature is uncertain, provide a 
sound basis for classification. 

* Bnxofix, manufactured by the Bawlplug Co. Ltd., was found to be an excellent preparation for 
all repairs. It is a cellulose nitrate product, soluble in amyl acetate, is unaffected by hot or cold 
water, and unattached by hydrochloric acid. Where reinforcement was necessary dental stone 
was used. 

56 * 
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The morphology of the Labyrinthodontia is now well known, so that the 
cinssificatiori of this group rests on satisfactory evidence. The much smaller 
animals included in the Lepospondyli, Adelospondyli, and Phyllospondyli are, with 
the exception of the genera of the typical Branchiosaurs and a few isolated species, 
very incompletely known. Hence the existing classifications are valueless. 

Tlie Linton fauna (with the exception of the Adelospondyli and two specimens 
of Jjabyrinthodontia) falls into two distinct groups. One, the Lepospondyli 
includes animals with a well ossified and massive vertebral column always very 
easily seen. The other group includes a series of related foi-ms with no apparent 
vertebral column in association with the skulls. These, on the evidence afforded by 
the character of the skull, tlie structure of the palate, and the incomplete ossifi- 
cation of the vertebral column, belong to the Phyllospondyli. The complete 
evidence for their position in this group and a discussion of the significance of 
their structure in a consideration of the evolution of the Phyllospondyli occur later 
in this paper. 


Order Phyllospondyli. 

Genus Erfetosauhus Momlie, 1909. 

Moodie, 1909, Bull. Arner. Mus. Nat. Hist. xxvi. p. 348, 

Moodie, 1909, Proc. U.S. Nat. Mus. xxxvii. p. 21. 

Tlie genus E rpetosauraa is represented in the British Museum collection by 
two skulls which differ in details of palatal structure and clearly represent two 
distinct species. One skull, of which the dorsal surface of the skull and the palate 
are present, is identical in the ornament of the cranial bones with Erpetosanrus 
radiatus. In the second sjiecirnen only the palate and the inner surface of the 
cranial roof are known. This skull is identical with Romers figures of the type of 
Dicer atosaurua loevis. It is proposed to call this second species Erpetoaaurus kevia, 

Erpetosaurus radiatus (Cope). 

Cope, 1874, Trans. Amer. Phil. Soc, xv. p. 273, fig. 10. 

Material : — 

R. 2670, Impression of the posterior half of the palate and of the occiput (PI. I. 
fig. 1 ; text-fig. 1). 

P. 2672. Impression of the external sui-faoe of the skull and of the shoulder- 
girdle, counterpart slab to R. 2670 (PI. 1. fig. 2 ; text-figs, 1 & 2), 

Interclavicle, humerus, cleitbrum, and ilium found in association with R. 2670, 
P. 2672 (text-fig. 3). 

R. 2660. Specimen showing ventral scales, interclavicle, and vertebral elements. 

Meaaiirementa : — 

Length of orbit, 13 mm.; breadth of orbit, 11 mm.; interorbital distance, 
6*5 mm. ; breadth of table and skull, 32 min. 

The skull of Erpetoaaurua radiatus is represented by two impressions of the 
same individual skull, one of the palate and the other of the dorsal surface of the 
skull, it is the only specimen in the entire collection to retain the occiput. 

In the impression on the palate (PI. T. fig. 1), of which the posterior half only is 
preserved, the bones remain practically in situ, except for the slight displacement 
due to dorso- ventral ^rushing. The parasphenoid is small with its posterior limit 
well mai ked, laterally its suture with the basisphenoid is not determinable. The 
processus cultriformis runs forward as a stout rod, convex ventrally, for some 
distance, but it is incomplete anteriorly. The basi pterygoid processes are small 
and well formed, and have a movable articulation with the pterygoids. There is 
no trace of carotid foramina. 

Posterior to the parasphenoid the basis cranii is completed by the basioocipital 
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bone. The ventral surface bears a strong keel which separates two depressed areas 
for the insertion of the recti capitis muscles. The posterior or occipital face of the 
basioccipital forms the oval condyle, which is deeply concave ; the exoccipitals are 
small, they form the lateral margins of the foramen magnum, and enter into the 
condyle. On the lateral surface at the suture with the opisthotic there is a notcli 
present which represents the foramen for the vagus nerve. There is also a small 
foramen present in the exoccipital bone for the transmission of the Xlltb nerve. 

The otic bones of the right side only are preserved. The paroccipital process 
is stout and runs out laterally and dorsally towards the tabular region of the skull. 
The fenestra ovalis is very large, its smooth margin is formed anteriorly by the 
prootic, posteriorly by the opistliotic. Through this fenestra a smooth sheet of 
bone is seen which reprebetits the roof of the saccular cavity, and above which lies 
the bone in which the semicircuh'ir canals are housed. 

The interpterygoid vacuities are small compared with those of the other 


Text-hgure 1. 



Erpetosaunis radiatutt (Copo). A, R. 2670. Restoration of the palate from the specimen 
figured, PI. I. fig. 1. B, P. 2672. Dorsal aspect of the skull. X 1'33. 

Phyllospondylian species in this fauna. The pterygoids are massive bones, the 
palatal ramus is broad and practically flat, and the margin of the pterygoid whicli 
bounds the interpterygoid vacuities is smooth and slopes gently to this broad shelf. 
Both palatal and quadrate rami are covered with close-set tubercles or little teeth. 
Very perfect facets for articulation with the basi pterygoid processes of the para- 
sphenoid transversely truncate the upturned smooth margins of the pterygoids. 
The quadrate ramus runs back in an almost vertical position to the (pmdrate. 
Here the quadrates are os&ified so that the palatal width is known and the outline 
of the skull can thus be restored. 

The presence of one small plate on the parasphenoid suggests the former 
presence of palatal ossifications such as Bomer found in one of his specimens. 

The dorsal surface of the skull is represented by an impression of the external 
surface of the right half of the skull roof (PI. I. fig. 2). All the sutures arc 
certain, but there is a bad break across the squamosal which was at first trouble- 
some. The posterior margin of the table of the skull is deeply concave, and from 
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the dermo-supraoccipitals and tabulars thin flanges extend on to the occipital 
surface. 

The parietals together form a large bone on which no median suture is visible, 
and whose shape is characteristic. There is a pineal foramen ; anterior to this the 
skull roof is not preserved. The tabulars are small, their free margins forming 
blunt square-shaped corners to the table of the skull. The supra- temporal is 
extremely broad. 

The side of the skull is incomplete, but the outline of the orbit is preserved 
ventrally by the presence of both jugal and lachrymal and dorsally by an elevation 
on the matrix. The orbits are situate<l very far forward, and the intei’orbital 
width is small. No supraorbital or sclerotic plates are present, jugal and post- 
orbital are incomplete, and the squamosal is unusally deep. 

When restored the skull is high. The occiput is deep and slopes forward steeply 
towards the palate. It is not possible to check the accuracy of the restoration by 
the height of the occiput, as there is no indication where the flanges, which extend 


Text-figure 2. 



UrpetoftawruB radiattu (Cope.) P. 2672. Dorsal surface of the skull figured 
inPl. I. fig. 2. xO-95. 

from the dermo-supraoccipitals and tabulars on to the occipital surface of the skull, 
come into contact with the paroccipital process, etc. 

The ornament, which is characteristic of the species, is shown on PI. J. fig. 2. 
No lateral line canals are pi'esent. 

The palate of Mrpetoeaurua radiatus is important as a morphological stage in 
the evolution of the Amphibian skull. It is extremely primitive in many respects. 
The interpterygoid vacuities are narrower than in the other Phyllospondylian 
species of this fauna, the parasphenoid small and quite unlike the broad plate-like 
structure of the later Branchiosaurs, and the basioccipital is large. The articu- 
lation between the parasphenoid and the pterygoids is movable. Further, the large 
basioccipital condyle is a pit, and the exoccipital contributions to the single condyle 
small. The palate therefore forms a morphological stage equivalent to that of 
Eryops among the Labyrinthodontia. 

In association with the skull of Ehrpetosaurus radiattia, various isolated limb 
bones, vertebral elements, and scales are preserved. The interclavicle is massive 
and bears a coarse reticulate ornament resembling that of the skull. This orna- 
ment stops short at the inner edge of the overlapped margins. In the scapula the 
ventral end and the posterior margin are thickened while the blade is thin. The 
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humerus is small and presents an expanded and rounded head, from which the 
bone contracts to a slender shaft; the distal end is also expanded — this expansion 
is flat. The ilium is the only pelvic girdle bone known in the collection, and is 
Amphibian in structure. The dorsal pz'ocess is long and slender, and the expanded 
ventral end shows two facets for the articulation of the pubis and ischium ; the 
acetabulum is shallow with a distinct rim. 


Text- figure 3. 



Erpetoaaurua radiatus (Cope). P. 2672. 

J.C’l., Interolaviole, X 1*84 ; II., Ilium, X 2 ; Sc., Scapula, x 2 ; Ch, Cleithrum, X 2 
B. 2670. H., Humerus, X 1'6. 


The vertebral elements are flat somewhat triangular plates (in height 10 mm. 
and 5 mm. long), with a roughened surface, the reverse side on the counterpart 
slab being smooth. Similar elemenis occur in association with the skull of Ste(/opa 
divaricata (R. 2546), and in the specimen R. 2644 on which the body-renuiins of a 
Phyllospondyl are preserved (PI. IV.). Scales of two types are also associated with 
the skull of ErpetosmiriM radiatus ; the ventral scales are large (3 mm. by 7 mm.), 
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smooth on both inner and outer sides, pamllel-sided with rounded ends, one end 
being slightly narrower than the other. Smaller fragile oval dorsal scales are also 
present which show a delicate concentric and radial ornament. The specimen 
R. 2660 exhibits identical ventral scales, and vertebral elements in association with 
an interclavicle (of the same type as that of Erpetoaawrus radiatua) and ribs (in 
length 12 mm.) which aro short, straight, and expanded at both ends. Here the 
vertebral column consists of a more or loss complete single row of plates continued 
from the interclavicular region for some 12 mm. posteriorly ; the structure of the 
plates through this length of column is uniform, but posteriorly they decrease in 
size (height 10<-6 mm.). No dorsal scales appear to be preserved in this specimen. 

Ebpetosaurus LiEvis (Moodie). 

Hoodie, 1909, Journ. GeoL xvii. no. 1, p. 63, figs. 13, 14. 

Material : — 

R. 2662. Impression of the palate on whicli the sutures of the inner surface of 
the skull roof are also visible (PI. I. fig. 3 ; text-figs. 4 6l 5). 

Meamremenle : — 

Length of orbit, 10 mm. ; breadth of orbit 8 mm. ; interorbital width, 5 mm. 

One of the most complete palates in the collection is that of Erp%toeam'ue Icevie, 
Compression during fossilization has slightly displaced the individual bones, and 
the pterygoid is fractured. 

The parasphenold consists of a narrow processus cultriformis and a widened 
posterior plate. The basipterygoid processes are small and face rather anteriorly. 
Two foramina, through which the internal carotid arteries enter the skull, are 
present on the parasphenoid, and from each of these the groove for the ai tery runs 
outwards to the margin of the bone. Posterior to the parasphenoid two <leep 
grooves enclose between them a convex medial ridge. These grooves mark the 
insertion on the basioccipital of the recti capitis muscles (whicli arise from the 
cervical vertebrae). The condyle is not present. The processus cultriformis is 
expanded at the anterior end, and shows on either side grooved articulating facets 
for the prevomers. 

The ptergyoids are massive trifid bones. The palatal ramus is flat. The margin 
of the pterygoid which bounds the interpterygoid vacuity is smooth and slopes 
dorsally to this broad flat ramus. Except for this smooth sloping margin, the 
surface of the pterygoid is heavily tuberculated. Very smooth facets for articu- 
lation with the basipterygoid processes of the parasphenoid transversely truncate 
this smooth anterior face. The interpterygoid vacuities are elongate, and the 
margin is completed anteriorly by the palatines and prevomers. The palatines are 
wide and their palatal surface is stepped, so that the part of the bone adjoining 
the maxilla is more ventral than the fiat flange bounding the interpterygoid 
vacuity. This marginal flange is thin, and several small tubercles occur near its 
inner margin. The palatine enters into the margin of the internal nares and 
extends dorsally as a concave bony flange to form in part a posterior roof to the 
internal nares. Into the margin of the nares the provomer, premaxilla, and maxilla 
also enter. The prevomers meet one another in the mid line. The premaxillie 
are short and have a marginal ridge bounding a steeply concave surface on which 
the large premaxillary teeth are inserted. Two large teeth with their replacement 
pits are present and a sifigle small posterior tooth. The maxilla extends on the 
palatal surface as a thin strip to the level of the basipterygoid processes; it is 
displaced, so that the flange which extends over the palatine is visible. Here a 
marginal ridge is also present, on the inner side of which lies a continuous series of 
teeth and pits. These teeth are numerous, small, and decrease slightly in size 
posteriorly. Wedged in between the pterygoid and maxilla and posterior to the 
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palatine lies the ectopterjgoid. Between this bone and the pterygoid there is an 
extension of the subtemporal fossa anteriorly (cf, Branchiosaurus). That this is 
so is also evident in the specimen figured by Komer. The lateral portion of the 
palatine bears a large tooth and two pits for replacing teeth, the prevomer has n 
small tooth and a pit for its fellow, and the transverse bone a single large tooth. 
The larger teeth show longitudinal striation towards their bases. No supraorbital 
or sclerotic plates are present. Part of the inner surface of the roof of the skull 
is visible through the interpterygoid and subtemporal vacuities (text-fig. 4). The 
resemblance to Erpetosaurus radiatus where the sutures are shown on the external 
surface of the skull is exact. Although closely allied to Erpetosaurua radiatus 
this form is placed in a separate species. The nature of the specimen limits the 
specific characteristics, but the specific distinction is based on the following: — 

Different skull proportions, e.y, less elongate basioccipital, narrower smooth 
upturned face of pterygoid, narrower otic notch ; and the presence of carotid 
foramina on the parasphenoid. 

Genus Oolosteus Cope, 1875. 

Cope, 1876, Geol. Surv. Ohio, p. 406. 

Oolosteus scutellatus (Newberry). 

Newberry, 1856, Proc. Acad. Nat. Sci. Philad. xviii. p. 98 (Pygopterus 
scutellatus). 

Cope, 1869, Trans. Arner. Philos. Boc. p. 22, pi. 36, figs. 1, 2 {Oolosteus 
scutellatus). 

Material : — 

B. 2647. Impression of the external surface of the complete left half of skull 
and of the anterior part of both lower jaws (PI. 11. fig. 1 ; text-figs. 6 & 7). 

Measurements : — 

Interorbital distance, 20 mm.; breadth of table of skull, 64 mm. 

The skulls of Oolosteus scutellatus as shown in fossil materia] are usually crushed 
sideways so that a lateral impression of the skull is preserved. This type of pre- 
servation is unique amongst Amphibian skulls, and indicates, as Bomer has pointed 
out, a high arched skull. 

This specimen, B. 2647, is the counterpart of the type-specimen of Sauropleura 
longidentata Moodie (No. 86 1 9 G . Mus. Nat. Hist. ). No body- remains are associated 
with the skull, except for a fragmentary shoulder-girdle. 

There is no evidence of the external nares since the anterior part of the skull 
is imperfectly preserved. The orbits are situated in the anterior half of the 
skull length, but the interor bits 1 distance is greater than in Erpetosaurus radiatus. 
The structure of the skull is shown in text-figs. 6 7. The parietals are broad 

and enclose a large pineal foramen ; the anterior surface shows a groove 
articulating face for the frontal. The frontal is long, narrow, pointed anteriorly, 
and has been displaced. Anterior to the frontal lies a nasal bone. The sutures 
between jugal, postorbital, and squamosal are in part visible. It is interesting 
that the postorbital reaches to the parietal as in Eipetosaurus. The supra- 
temporals are large, broad, and stretch from the postorbital to the tabulars. On 
this specimen the tabular clearly projects somewhat bi^^kwards, ending in a 
narrow point. 

The lower edge of the cheek posterior to the maxilla is preserved on the slab 
as a depression. The jugal forms part of the free ventral margin of the cheek. 
The premaxilla and maxilla are both shown, and bear along their edges a series of 
small teeth. Besides these mai’ginal teeth, several .large palatal teeth are present. 
Both palatal and marginal teeth, as well as those present on the lower jaw, show a 
very characteristic longitudinal striation of the dentine. 
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Coloiteus McuiellatuB (Newberry). B. 2547. Camera lucida drawing of the specimen 
figured in PI. II. fig. 1. X 0*74. 


Text-figure 7. 



CoUnteiu BCViteUatus (Newberry). B. 2547. Beoonstraction of the dorsal aspect 
of the skull. X 1'06. 
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The condition of the lateral line is interesting and agrees with the condition 
which Bomer found in his specimens. The occipital commissure runs as a deep 
groove across the dermo-supraoccipitals. It stops abruptly at the margin, and 
there is no trace of lateral line canal on the tabular bone. The supraorbital canal 
stretches from the frontal on to the post-frontal, and there forks. There is a lateral 
line groove across the post'orbital and on the squamosal and prema^illa The 
groove on the premaxilhi runs to the extreme ventral edge of the bone. This con- 
dition is known in only one other Amphibian, the Einbolomerous form Orthosaurus* 
It is interesting that the condition should now be paralleled in a Phyllospondylous 
form. There appears to be no lateral line groove on the lower jaw in this specimen. 

The external sui fnee of both lower jaws is shown. The dentary is large 
and forms the greater part of the anterior rarnus of the jaw. A series of 
large pointed teeth are carried by the dentary which are extremely characteristic 
both in their arrangement and in the longitudinal striation of their dentine. The 
anterior tooth is the laigest, and behind this, on each jaw, and on the external 
surface of the dentary, there is a definite groove for the accommodation of the large 
prevomer tooth. The lower jaw teeth in this specimen form one series and do not 
appear to be spaced in relation to the palatal teeth ; they are therefore dentary and 
not coronoid teeth. The splenials wrap round the ventral anterior edge of the jaw 
and appear on the external surface as narrow splints ; posterior to this post- 
splenials are present. The anterior ramus is certainly slenderer than in the 
restoration of the lower jaw as figured by Homer. The evidence afibrded by this 
specimen is in agreement with Homer’s conclusion that Colosteua is a Phyllo- 
spondyl. There is nothing in the structure of the skull which precludes the 
relationship, and in form and structures this skull resembles that of the other 
Phyllospondylian species. 

That the vertebrie and ribs known as Molgophisand Pleuroptyx can be assigned 
to this form is highly improbable. In some of the American specimens, body 
remains of Colosteua occur in association with the .skull, but Homer states that there 
are no “describable remains of vertebi*®” present. The Pleuroptyx vertebra) are 
massive, with well-developed neural arches, and heavily ossified centra. This is 
not the type of vertebra which could be associated with a Phyllospondylian skull, 
or which would be imperfectly preserved. Further, the lengths of Pleuroptyx 
vertebrie preserved indicate a long- bodied animal, a form unusual amongst Phyllo- 
spondyli. It is probable that PUuroptyx clavatua can be more satisfactorily 
assigned to the order Adelospondyli, for reasons which will be pointed out when 
the structure of the vertebral column of this species is considered (see p. 885-6). 


Genus Stegops Moodie, 1909. 

Hoodie, 1909, Journ. Geol. xvii. p. 79. 

Stegops divabicata (Cope). 

Cope, 1885, Proc. Am. Phil. Soc. xxii. p. 406 {Keraterpeion divarioatum). 
Material ; — 

H. 2668. Impression of the external surface of the skull and of the right lower 
jaw (PI. II. fig. 3 ; also text-figs. 8 & 10). 

H. 2546, Impression of the ventral surface of the palate, one lower jaw in 
position. Inner surface of skull roof visible through the interpterygoid vacuities 
and posterior to the paraspbenoid. Remains of fore limbs, shoulder-girdle, scales, 
neui^ arches, and vertebral elements present (PI. II. fig. 2 ; also text-figs. 9 A 10). 

P. 2671. Impression of palate, very imperfect. 
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R. 2546. 

R. 

2668. 

Length of orhib 

13 mtn. 

11 

mm. 

Breadth of orbit. 

11 mm. 

10 

min. 

liiterorbital distance 

16 iiirn. 

16 

mm. 

Breadth of table of skull 

22 mm. 


— 

Length of skull in median line... 

46 mm. 


— 

Length of lower jaw preserved... 

— 

.05 

mm. 


The two specimens of Stegop8 divaricata^ R.2668, E.2546, between them give 
the complete structure of the skull. 

An impression of the dorsal surface of the skull is retained in 11.2668 
(PI. IT. fig. 3). All the sutures are certain. The posterior part of the table of 
the skull is incomplete, as the tabulars are wanting and only the anterior 
margins of the denno-supraoccipitals are present. 

The parietals are smaller tlian the frontals or nasals, and enclose a small 
pineal foramen near their anterior margin. A further peculiarity of this species 
is the extremely large supratemporal bone continued posteriorly as a free spine, 


Text-figure 8. 



Stegops divaricata (Cope). R. 2668. Drawing of the spedmea figured 
in PI. II. fig. 3. X 1-03. 

which during life stood out as a backwardly projecting bony flange over the 
otic notch. 'J’he circumorbita.1 bones are all present. The postorbital has a 
ventral rounded edge which fits into a notch in the jugal. The lachrymal is 
excluded from the nostril. The external nares are perfectly shown. The 
premaxilla is small ; it is slightly displaced, so that the preinaxilla-maxillary 
suture is shown. The maxilla bears a series of small homodont teeth. In this 
form the quadrate is ossified, and in this specimen is still in sutural contact 
with the squamosal, but displaced somewhat backwards. 

The orbits are oval, widely separated, and placed in the middle of the skull 
length. Sclerotic plates and a number of small scattered supraorbital plates are 
present. The latter bear an ornament of fine tubercles. Heavy bony ridges on the 
skull follow the course of the lateral line system, e, g, occipital commissure, supra- 
orbital canal, etc. On these ridges pits mark the openings of the tubuli which 
connect the underlying canal with the surface. 
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The ornament of the cranial bones is coarse and consists of strongly 
developed i-iidiating ridges and tubercles (PL 11. tig. 3). This agrees with the 
heavy ossiHcatioii of the skull, tlie enclosure of the lateral line canals in bone, an*! 
the presence of spines on the tabular and lower jaw. 

The lower jaw is preserved as an impression of the external surface. Tiie 
ornament of the dentary consists of longitudinal striations which in no way 
resemble the heavy course markings on the dermal bones. The dentary appears to 
form the entire external surface of the anterior part of the jaw, and extends back 
almost to the articular surface. The tooth-bearing edge is incompletely preserved, 
so that no teeth are visible. Two other bones of the lower jaw are clearly shown. 
The angular corresponds with that of R. 2546 running along the lower edge of the 
jaw and bearing on its ventral margin two spines. The surrangnlar is small, 
crescentic shaped, the dorsal surface is convex, and this depression marks the 
articulation for the (juadrate ; from the convex posterior margin projects tliree 
spines. 

The second specimen R. 2546 (PI. II. tig. 2) represents a complete skull in which 
the individual bones, although slightly displaced, are clearly shown, and the absence 
of the lower jaw on one si<le allows of the complete determination of the structure 
of the palate. 

The right premaxilla (text-fig. 9) stretches back to the anterior border of the 
internal naves. It carries five small teeth at the base of which several small 
foramina are [)resi‘nt. These foramina served for the terminal distribution of 
blood-vessels and nerves. From the internal nares the maxilla extends along the 
margin of the skull for some distance, but it is incomplete posteriorly. It also 
bears a series of small teeth. The anterior part of the maxilla forms the outtM- 
border of the internal nares and extends dorsally as a convex flange to form the 
lateral wall and part roof of the nares. The border of the internal nares is 
''ompleted by the prevonier and palatine. 'J'he prevomers extend to the mid-line 
of the palate and overlie ventrally the processus cultriformis of the parasphenoid. 
They are heavily tiiberculated. Tlie palatines also bear numerous tubercles and 
in addition carry two large tooth ])its. The ectopterygoid extends behind the 
palatine and between the maxilla and pterygoid. It bears tubercles, but tliore is 
also a tooth and its replacement pit present. Tlie pterygoid of one side only is 
complete; it extends forwartl to meet the prevomer, so that tlie palatine is excluded 
from the in ter pterygoid vacuity margin. The inner margin of the pterygoid which 
hounds this vacuity is smooth aii<l gently curve<1. Both jialatnl and quadrate rami 
are covered with tubercles. The facet for articulation with the basipterygoid 
process of the parasphenoid stands out as a process from the quadrate ramus and 
is jagged in appearance, so that the union was a sutural one. Between the 
pterygoids and the parasphenoid, and present on both sides, lie two small bones 
which may be regarded as the epi pterygoids. They are stout, columnar, and 
present a convex surface. 

The parasphenoid is small ; the basal jiart forms a broad short plate, while the 
processus cultriformis is wide and fiat. The basipterygoid processes are stout and 
broad, and their lateral articulating faces are deeply convex. Two carotid foramina 
are present at tlie posterior ends of grooves which cross the base of the processes. 
The palate posterior to the parasphenoid is not preserved. The quadrate is 
ossified, so that a restoration (text-fig. 10) of the palate can be made. 1 have 
omitted in the figures the numerous octagonal bony plates covered with tubercles 
that lie scattered in the wide iiiterpterygoid vacuities (1*1. II. fig, 2). They are 
exceedingly numerous, do not articulate with one another, and represent dermal 
ossifications in the palatal roof. 

The hones of the skull-roof are shown as impressions of the inner surface as 
seen through the interpterygoid vacuities, and confirm the structure of the skull- 
roof shown in the first specimen (R. 2668). Here the posterior part of the table of 
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the slfnll is preserved. The dermo-supraoccipitals are rectangoLir bones lying 
behind the ])ni*ietHl region. Tabulars are present on botli sides, and their free 
lateral margin carried thiee sjnncs. The two free margins slope upwards and 



C. 



Slfigops divaricata (Cope). R. 2546. Drawinga of the apecimen figrurod in 
PI. II. fig. 3. A, X 1-3 ; C, X 3-6. 


inwards as two ridges betwecMi which a groove lies ; this receives the paroccipital 
process. The supratemporal is large and is continued posteriorly, as in the previous 
specimen, as an elongate spine which projects backwards as a free outstanding 
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process over the otic notch. Quadratojugal, squamosal, postfrontal, and post- 
orbital are partly shown. The ossiBcations in the palatal roof unfortunately make 
the recognition of farther structure impossible. 

In the lower jaw the surangular is a small crescentic- shaped bone whose dorsal 
surface is deeply concave. From the posterior convex margin projects three spines. 
The angular extends along the outer ventral margin of the jaw as a narrow hoat- 
siiaped bone bearing on its hinder margin a series of six spines. This specimen 
differs from the previous specimen in the number of spines carried on the angular, 


Text-figure 10. 



e. 



Stegopa divaricata (Cope). B. 2668. Dorsal aspect of the skull. X 1*16. B, E. 2546. 
Restoration of the palate. X 1-08. C, R. 2668. Risrht lateral aspect of the skull and 
lower jaw, maxillary teeth incompletely represented. 

in this case six (c/. two). This may be either imperfect preservation or simply a 
growth difference. 

'riie restoration of the dorsal surface of the skull (text-fig. 10) is based on 
specimen R. 2668 ; the posterior margin of the table of the skull is taken from the 
second specimen, R. 2546. 

Associated with the skull (R. 2546) are several limb bones, ribs, and scales 
(text-fig. 9). The ventral scales are smooth, oval, some 3 mm. in length and 0*5 mm. 
broad, with a thickened hinder end. Fragmentary remains of dorsal scales are 
also present. Ribs are straight, slender, and expanded at both ends, Two humeri, 




AMPHIBIA FROM THE MIDDLE COAL MEASURES OP LIXTON, OHIO. 


865 


which have boon completely flattened, and wliat is presumably a radius, an ulna, 
and a cleithrum are also prcsoi \ed. 

The vertebral column is represented by two neural arches with, in addition, 
scattered triagular elements whicli resemble the similar structures in ErpeiOBanrus 
radiatus and in the specimen of Phyllospondylinn remains (li. 2664) (see PI. IV, 
fig. 2). These latter structures present a smooth oi* rougliened surface, and 
it is suggested that they represent posterior neural arch elements which are 
incompletely ossified. The neural arch elements (text-fig. 9) are elongated antero- 
posteriorly with low neural arches and well-marked pre- and post-zygapophyses. 
The transverse processes are turned down ventrally, flattened and seen in side 
view. These are broad and carried nearer the anterior face of the vertebra. 


Genus Platyrhinops, gen. n. 

Platyrhinops morday (Cope). 

Cope, 1874, Trans. Amer. Phil. Soo. xv, p. 21 ^ {Tuditanus mordax^. 

Material : — 

R. 2670. Impression of external surface of skull (PI. 111. fig. 1 ; text-figs. 11, 
13, A). 

R. 2670. Counterpart slab of the same individual skull with impression of the 
palate (PI. III. fig. 2 ; text-fig. 12, 13, B). 

MeaeuremenU : — 

Length of orbit, 14 mm.; breadth of orbit, 12 mm.; interorbital distance, 
18 mm. ; length of skull preserved in median line, 40 mm. ; breadth of table of skull, 
20 mm. 

The impression of the skull of Platyrhinops mordax is incomplete anteriorly. 
That the muzzle is blunt nnd I'ounded is indicated both on this and on the counter- 
part slab. The outline of the orbits is distinctly preserved ; these are large and 
oval. Within the ()rbit.s bo!iy ]>lales of tw'o types are visible. The supraorbital 
series hear an ornaiiiont similar to that of the skull bones. The remaining plates 
bear fine tubercles and represent palatal tjssifications. 

The general struetureof the skull-roof is shown in text-figs. 1 1 and 1.3, A. The 
nasals arc incomplete. Ilei e, as in the Genus both nasals and frontals are 

larger tluui the |>arietals. 

The posterior margin of the skull is formed by the tahiilars and dermo- 
supraoccipitals. The tabula rs are small triangular bones attached to the posterior 
margin of the supratemporal hone; they have a very short suture witli the dermo- 
supraoccipital. The posterior margin of the table of tlie skull is deeply concave. 
The supratemporal bone extends foi wanl lateral to the {►arietal to reach the post- 
frontal. A considerable part of the lateral margin is free, and forms the dorsal 
margin of the wide otic notch. 

The circiiinorbital series of bones is incomplete. The po.storhital ends ventrally 
in a blunt process which fits into a notch on the jugal. Tlie posterior margin of 
the squamosal is deeply excavated to form the wide shallow otic notch. The 
quadrate- jugal extends posterior to the squamosal. Impressions of the ossified 
quadrate region are present behind the otic notch, but these show no certain 
structures. 

The ornament is very regular and even in appearance, and is shown on the 
plate. It consists of fine regular pitting, the intervening bone standing out as a 
honeycomb structure. 

The presence of both lower jaws (text-fig. 1 2) over the margin of the palate 
obscures the structure of this region. The prevomers are two bony plates, that of 
Proo. Zool. Soo. — 1930, No. LVI. 56 
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the right-liancl side forms the anterior and lateral margins of the internal nares. 
They are heavily tiiberculated, and while distinctly one bone, have the appearance, 
especially near the margin of the pterygoid vacuity, of being overlaid by small 


Text-figure 1 J . 



Phtyrhiiw})8 mordax (Copo) (pron. nov.). B. 2670. Drawiagf of the dorsal surface of 
the skull figured in PI. III. fig. 1. X 1'16. 


Text-figure 12. 



Platyrhinopa mordax (Copo) (geii. nov.). E. 2670. Drawing of the palate figured in 
PL III. fig. 2. X 1-08. 


octagonal plates. That the anterior part of the processus cultriformis, which rests 
on the dorsal surface of the prevomers, is broad, is suggested by the wide divergence 
of the prevomer-parasphenoid sutures. The posterior part of the processus 
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ciiltriformis is slightly convex, and widens at its base into the flat posterior plate. 
Tlie basipterygoid processes are broad and form sutural unions with the pterygoid. 
Two carotid foramina are present, and from these grooves extend round tlie base 
of the pi’ocesses. 

'Phe pterygoids are heavily tuberculated. The palatal ramus, which is broad 
and flat, is incomplete anteriorly, but must have reached the prevomtr. The 
margin which bounds the intor[)terygoid vacuity shows a smooth narrow band. The 
processes for articulation with the parasphenoid project from the quadrate ramus 
towards the mid-line. Fragments of both ectopterygoids are present. These are 
untuberculated, carry a single large tooth, and have a characteristic ornament. 

The quadrates .are ossified. Tlie length between the quadrate and the hinder 
margin of the para.sphenoid or the table of the skull is considerable, so that the 
comiyle must be situated some distance in front of the articulation of the lower jaw. 


Text- figure 13. 



Plat!frhiiio}t8 morda >• (Cope). K. 2G70. Hoconstruction of the skiill ; A, dorsal aspect 

and B, palate. X 1 . 


Scattered over the palate are numerous small octagonal V)ony plate.s which 
carry tubercles. 'Phey resenilde the palatal ossifications of Ste'fops ilivaricata. 

The lower jaw is fragmentary. Thetleutary i.s displaced and hearsa continuous 
series of small bluntly conical teeth which are anchylo.«;ed to the hone. The external 
surface of the den tary is tuberculate. Helow the dentaiy, and })osteriorly, the 
lower jaw presents a smooth surface. There is sin angular present; it is an lui- 
ornamented strip of hone running along the ventral liindor border of the jaw. 

A new genus has been erected for this species for tlie following reasons. It is 
clearly a Phyllospondyl, 

While sharing with the genus Stegops : 

{a) the presence of parietals smaller than the frontals or nasids, 

(ft) the occurrence of numerous ossified plates in the palate roof, 

(c) the broad -no.sed skull, 

(il) the position of widely separated orbits in the middle of the skull length, 
it is generically distinct for the following reasons : 

1 . There are no spines present on the tahulars or on the lower jaw, 

?! The suprateniporal bears no large spine as in Steyopa divaricata. 

56 * 
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Genus Mtiaras^ gen. n. 

Mytaras macroqnathus, ap. nov. 

Material : — 

R. 2657. Impression of palate, lower jaw, part of the cheek, shoulder-girdle, 
and limbs (PL 111. fig. 3 ; text-fig. 14). 

Measurements : — 

Length of orbit, 10 mm. ; length of lower jaw preserved, 60 mm. 

Specimen R. 2657 represents an animal very different to any yet described and 


Text-figure 14. 



diyiaraa macrognathiis, gen. et sp. n. B. 2657. Drawing of the apecimon figured in PI. III. fig. 3, 
Beconstniction of the palate. X 1*19. Interclavicle, clayicle, and fore limb. X 1*73. 

is regarded as a new pnus and Species. The skull is elongate and almost parallel- 
sided. All the peculiarities of the skull are correlated with the increase in length 
of the pre-orbital region. 
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The structure of the palate is incompletely shown, as the presence of both lower 
jaws entirely covers all the bones between the margin of the pterygoids and the 
skull-edge (text-fig. 14). Tlio premaxillse are unusually long. The ventral surface is 
shown on both sides and hears a succession of teeth and pits ; although not constant, 
tooth and pit usually alternate. The maxillae are displayed in side view, their 
upper edges being rotated outward. The marginal teeth are large, acutely pointed, 
and show a longitudinal striation, which continues more than half-way up the 
tooth. The dorsal border of the maxilla forms part of the ventral margin of the 
orbit; this orbital margin is continued by the jugal. Posteriorly the jugal is in- 
complete, hut it forms part of the ventral h‘order of the skull for some distance. 

Some of the sutures of the cranial bones are seen on the inner surface through 
the intorpterygoid vacuities. 'J'he i»arietals are elongate, the pineal foramen is 
present, and is situated near the posterior margin. 'Inhere is a postfi*ontal hone 
present, so that the i)arietal or frontal did not enter the njaigin of the orhit. 

The parasplienoid is partially obscured by two extraneous hones which 
lie across it, ami the s[)ecimon is broken short behind. The left basipterygoid 
process is completely hidden, but that of the right side stands out from the 
parasplienoid as a flat process. Tliere are no traces of carotid foramina. 
At the base of the processus cultriforinis is a small triangular tiiherculatcd patch. 
The processus cultriforinis is wide and flat; anteriorly it rests on the dorsal surface 
of the prevoniers. The latter extend over the anterior palatal surface and are in 
this species very large. They are covered with small tuhercles which lia\ea 
delicate radial arrangement, quite unlike the heavy tuherculation of the pterygoids. 
Both the pterygoids are shown in ymrt. The margin of the iiiterpterygoid vacuity 
of the right side is incomplete. There is a smooth face sloping to this maigin, hut 
otherwise tlie palatal ramus is heavily tiiherculatcd. The quadrate ramus appears 
stout, hut is broken olT sliort posteriorly. The articulating face for the 
basipterygoid iirocess of the parasplienoid is borne on tlie smooth upturned margin. 

Tiie internal nares are not visible, but inu.st Jiave been situated far back, and 
wei’e probably elongate oval slits. 

The ornament lia.s a delicate smootli regular appearance (PJ. TI I fig. 3). 

Lower jaw , — Tlie dentary forms the external surface of the anterior ramus 
of the jaw. No teeth are shown. The angular is also incomplete, but extends 
below the denbiry for some distance. The ornament on the jaw resembles that of 
the maxilla and jugal etc., and is shown on the plate. There are no traces of 
lateral line caiuils here or on the skull bones. 

Pectoral girdh , — The sboulder-girdle is repiesented by an interclavicle and 
clavicle. The interclavicle is a rhomboidal bone, bearing a radial ornament 
which does not reach to the margin of the bone. The clavicle of one side only 
is present. It is also in part ornamented ; dorsally the surface is smooth and is 
the overlap margin for the cleithrum. Two humeri, a radius and an ulna, are 
present, and numerous scales. 1'he ventral scales are smooth, in length 2 mm. 
and 0'5 mm. broad. Fragments of oval dorsal scales are also present which show a 
concentric ornament. 

The genus Mytaras is founded for the single specimen of the species Mytara^ 
macrognaihu8,,Yf\nQh in the peculiar elongation of the pre-orbital ptirt of the skull, 
and the slender almost parallel-siiled skull, is totally distinct from all the described 
species. 


Genus Pelion Wyman, 1868. 
Cope, 1868, Proc. Acad. Nat, Sci. Phil. 211. 

Pelion lyelli Wyman. 

Wyman, 1858, Amer. Joum. Sci. (2) xxviii, p. 160. 
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Maierial : — 

P. 2674. Impression of the palate, dorsal surface of the skull shown (PI. IV. 
fig. 1 ; text-figs. 15, 16). 

Measurementi ; — 

Length of skull, 23 mm. ; length of orbit, 6 inin. ; breadth of orbit, 6 nan. ; 
interorbital distance, 6 mm. ; width of table of skull, 16 mm. ; length of lower 
jaw, 24 mm. 

P. 2647 is a very complete impression of the palate, and of the inner surface of 
the akull-roof (text-fig. 15). The skull is small, and shows a palate, which, while 
in plan essentially similar to the other types of this group, is very different in 
detail. 


Text-figure 15. 





PeUon lyelli Wyman. P. 2674. Drawing of the speoimen figured in PI. IV. fig. 1. X 2*86. 

The parasphenoid is flat, and posteriorly expands as a wide plate which 
resembles the parasphenoid of EuyyAnus wiUlii and that of the Brandi iosaurs 
more than the smaller rectangular and more T-shaped parasphenoid of Erpetoaaurus 
radiatiLS^ Stegops diva^icaia^ etc. This plate is flat and smooth, bearing towards 
the margin a faint radial ornament. The basi pterygoid proces.se.s are well 
developed, and project laterally as wide flat processes. Two carotid foramina 
are present, and grooves run from these foramina to the posterior margin of the 
basipterygoid processes. The processus cultriforinis is wide and flat. The 
prevomers are displaced, so that the grooved f.aces for articulation with these bones 
are exposed. The pterygoid of the left-hand side is complete, but shows one clean 
fracture. The shape of the bone is curious. The palatal ramus is flat and smooth. 
There is no definite process to articulate with the basipterygoid processes of the 
parasphenoid, but the pterygoid forms a lateml antero-posterior projection, 
apeiing posteriorly, which sits flat against the basipterygoid process of the 
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parasphenoid. The surface of the qiiadinte ramus is slightly pitted, lying lateral 
to the pterygoid, and on its outer margin there is a curious wide delicate flange of 
bone, which is also part of the pterygoid. When in the correct position, it projects 
ventrally from the- palate as a thin sheath of bone to cover the inner surface of the 
masticatory muscles wliich pass through the snbtempoi al fossa. A pterygoid of a 
similar type occurs in Palceoijyi'inas decorus. To the anterior surface of 
the pterygoid is attached a bone which bears a deep, coarse, irregular ornament 
of grooves and pits, 'riiere is no suture visible, but this hone must represent 
both palatine and ectopterygoid. The margin of the interpterygoid vacuity is 
carried forwards by the palatine for some distance, but it is incomplete anteriorly. 
The prevomer shown on the left-hand side is small and sends out a small process 
laterally over the palatine. On front of this pnx^ess it is excavated to form the 
margii\ of the internal nares. The premaxilla and maxilla are represented only 
by the impressions of the teeth which they carried. The premaxilla? are small. 
The marginal teeth are snudl, conical, and acutely pointed. The anterior tw’o 
maxillary teeth show longitudinal striation of the enamel towards the apex of 
the teeth. 


Text-figure 16. 



Pelion lyelli Wyman. A, P. 2674. Reconstruction of the palate ; R, dorsal 
aspect of the skull. X 2*6, 


The margin of the cheek is completed by jugal and quadrato-jugal whose 
external surface is shown on the right-hand side of the specimen. The jugal 
appears to enter into the margin of the cheek. Both quadrato-jugal and jugal 
bear a strong oriinmeiit of radiating ridges; a few tubercles are present near 
the centre of radiation. 

The sutures of the inner surface of the skull-roof are visible through the 
iriterpterygoid vacuities. The orbits are placed far forward and are well separated, 
'rhe postorbital bones are elongated antero-posteriorly. There is an inter- 
temporal bone present, a primitive feature retained in no other Linton species 
exQie\}t Brancliiosmirus, The tabulars are small and are grooved parallel to their 
posterior margin for the reception of the paroccipital process. 

Both lower jaws are present, but only the dentary and angular are shown. The 
dentary beai's an ornament of elongate tubercles. Splenials are present. The 
angular of the right jaw appears as a boat-shaped bone and bears a radial ornament 
of ridges. 

There are no body-remains associated with the skull. Sclerotic plates are 
present in the orbit. 
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The description of this specimen of Pelion li/dli differs materinlly in st vernl 
respects frorii the descri[)tion p^iven by Uomer of the same species. In the Uritish 
Museum specimen the sti uctnre of the parasphenoid is clearly shown, and there is 
no doubt that posteriorly it extends as this curious .shaped plate. The pterygoid is 
also more completely shown in the B. M. specimen and has an unusual, although 
not unique, structure. Both palatine and ectopterygoid here bear an ornament of 
irregular coarse grooves. No palatal teeth are preserved in this sj)ecimen. 

Order Leposponhyli Zittel . 

Genu.s OriiiDBitPETox Fritsch. 

Fritsch, 1899-1901, Fauna der Permformation Bohmens, Bd. 4. 

Opuuoerpeton ampiiiuminus (Cope). 

Cope, 1868, Proc. Philatl. Acad. Nat. feci. p. 218. 

Material : — 

P. 2673. Impression of roof of skull, lower jaw, vertebral column, ribs, 
and scales (PI. V. figs. 2, 3 ; text-figs 17 A, C). 

R. 2657. Impre.s.sion of lateral surface of the skull, lower jaws, one bone of 
shoulder-girdle, scales (PI. V. fig. 1 ; text-fig. 17, B, C). 

Skull K. 2657. Length of maxilla, 20 mm. ; length of premaxilla, 8 mm. ; 
length of jaw, 53*2 mm.; depth of jaw, 8 mm.; length of orbit, 11 mm.; 
depth of orbit, 5 mm. 

P. 2673. Width of table of skull, 11*5 mm. ; length of jaw preserved, 45 mm. ; 
depth of jaw, 8 mm. 

P. 2673 IS an impression of the skull and part of the vertebral column. In 
the skull (fig. 17, A) the pre-orbital part is missing, and the neural cranium, 
premaxilla, and maxilla have been lost. While the cranial roof is complete 
posteriorly, the arrangement of the bones is quite unlike the more primitive 
generalised pattern of the skulls of the other Amphibia in thi.^ fauna. The 
median roofing bones are represented by two pairs. The moie anterior pair is 
elongate, with almost parallel sides, and unites with the posterior pair by an 
interdigitate suture. The posterior pair of bones present a smooth posteiioi* 
edge, which forms a part of the hinder margin of the table of the skull. The 
length of the lower jaw (which is incomplete) sugge.sts that there is a con- 
siderable length of skull anterior to that preserved. Furthei- the premaxilla* 
retained in the specimen R. 2657 are small. It is therefore suggested that, 
t.he long bones are froutals and the smaller posteiior pair parietals. 'J'lu* 
inclu.sion of the minute pineal foramen in the froutals is unusual, but not 
unparalleled. 

The roof of the skull is completed by two bones lying lateral to the frontals 
and parietals, which represent the remains of the temporal low of bones and are 
presumably supratemporal and tsibular. Wedged in between tabulars and parietals 
lies a small triangular bone which is the dermo-supraoccipitaJ. The position is an 
unusual one and must result from the modification in structure in this skull. All 
the.se bones, s u prate mpora Is, tabulars, dermo-supraoccipitals, frontals, and parietals 
form a roof to the skull with a distinct projecting lateral edge. 

Of the cheek-bones of the skull only a posterior pillar remains, which I propose 
to call squamosal. Scattered granulated scales (of which the largest is 2 mm. 
across) suggest that the cheek-bones, as in R. 2657, are replaced by small scales 
lying in the dermal layer of the skin. 

The ornament on the dermal bones consists of a few pits which seem to show 
radial distribution. 

The lower jaw is long, broad, and curves up bluntly behind to the articulation 
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The body of t.he centrum is well ossified and shows a ventral medial ridge 
which broadens at either end ; on each side of this ridge the centrum is concave. 
The tiunsverse processes are broad and flat and stand out laterally from the neural 
arch. There is no neural spine. Well-developed pro- and post-zygapopliysis 
project antero- and postero-laterally from the l)ody of the neural arch. 

The ribs are forked with dorsal and ventral spines, and are long, slender, and 
taper at the free end to a point. The luiiid of the rib which articulates with the 
transverse })roeess is broad and flat. The dorsal spine ends abruptly a some 
distance from the rib-head and shows a pit. 

The ventral dermal armour consists of long tiarrow s«ilos (4-5 mm.) which, 
when in position, ovei’lap one another. In the dorsal and lateral surface of the 
animal small oval scales of various sizes occur; these lie scattered over the 
vertebral col u ni n . 

In the second specimen R. 2627 (PI. V, fig. 2), a lateral impression of a skull and 
part of th(i post-ci*anial dermal armour is preserved. 

Roth premaxilla snd maxilla are pre.sent (text-fig. 17, B). The premaxilla 
is small and boars teeth larger than the maxillary teeth, but resembling them in 
the cylindrical form and smooth enamel. The maxilla is slender and stretches 
back to the pterygoid, and the anterior dotml nuirgin is grooved. Premaxilla, 
maxilla, and dontary carry a numV)er ot isolaUnl pits, which on the maxilla and on 
the anterior part of the dentary are arntnged longitudinally. A lateral impression 
of th(^ roofing bones of the skull is present, but the indivi»lual bones are not shown. 
There is a sepa-rate nasal bone above the premaxilla. Of the rest of the skull-roof 
the specimen shows the table of the skull to be slightly arched and to hav’e a distinct 
lateral edge. An impression of the orbit is refeuned ; this is placed very far 
forwanls. 

The cheek is covered by a series of small plates. 'Phe anterior plates are largt' 
irregularly pentagonal or hexagonal in form, and tliere is a series of large plates over 
the eye, towards the back of the skull they decrease in size to minute tiny scales. 
Where undisturbed these ossifications form a continuous surhice *. 

The pteiygoids are massive and extend to the posterior margin of the maxilla. 
In the articular surface of the lower jaw sits a small waisted l)one which is the 
quadmte. The squamosal is not preserved. Both lower jaws arc present and 
exhibit the very characteristic shape. The dentary hears no ornament; the 
dentary teeth tend to be associated in pairs, and are peg-like and cylindrical. The 
surangular is ornamented. 

Two narrow splint-like bones represent the shoulder- girdle. Thest' are the 
clavicle and the cleithrum. The ventral scales, as in the previous .spociineii, are 
long and slender. They overlap one another to form a. rhomhoidal pattern and 
commence immediately behind the pectoral girdle. The <lors;il surface was covered 
with very small scales irregular in size and form. Small scales t are present 
anterior to the shoulder-girdle ; these represent secondary dermal ossifications. 

The restoration of the skull (text-fig. 17, C) is based on the specimens 
P. 2673, R. 2657. 

* A Bkull of Ophiderpeton hrovmriggii in the National Museum of Ireland, Dublin, shows that 
in this species, as in Ophiderpeton amphitminie, the cheek region consists of numerous small 
polygonal plates. 

t The dermal armour of Amphibia for which such names as abdominal rods, ventral scutellm 
dermoBseous rods, etc., have been used, is in all cases identical. Further, the scales are homo- 
logous with fish scales and resemble them in their mode of articulation with one another. They 
are retained in Amphibia primarily on the ventral surface of the body, but there are no criteria for 
determining whether the dorsal scaling is primary or secondary. In many cases the number of 
soalee is secondarily increased. The occurrence of scales anterior to the shoolder^girdle in Ophi- 
derpeton denoted the presence of secondary dermal ossifications in this group. 



AMPHIBIA PROM THE MIDDLE GOAL MEASURES OF LINTON, OHIO. 


877 


Genus Sauropleura Cope 1868. 

Cope, 1868, Proc. Acad. Nat. Sci. Philad. p. 216. 

Saokopleura MAiisniT (Copo). 

Co})e, 1861), Trans. Amer. Pliii. Hoc. xiv. p. 24 {( ^oIosIpais marshii). 
Sauuopleura pectinata Cope. 

Cope, 1868, Proc. Acad. Nut. 8c. Philad. pp. 216-219. 

Material : — 

Sauuopleura marshii (Cope). 

B. 2659. Impression of dorsal surfjice of the skull, both lower jaws present. 
Thirteen dorsal vertehroB, ribs, ventral scales, and shoulder-girdle (PI. VI. fig. 1 ; 
text-fig. 18, A). 

Sauropleura pectinata Cope. 

B. 2653. Impression of lateral surface of the skull and both lower jaws. Verte- 
hrsB and slioulder-giixlle. No ribs present (text-fig. 18, B). 

11.2656. Impression of skull, lower jaws (text-fig. 18, C). 

11.2651. Impression of palate, lower jaws. Dorsal vertebne, shoulder-girdle, 
and ventral scales. No ribs present. Fore and hind limbs juesent (text-figs. 
18 D, 20). 

R. 2654. Vertebral column showing dorsal vertebrae, femur, and complete tail 
9-9 cm. long (text-fig. 20). 

M ecmiremenls ; — 



Sauropleura 
marsh it. 

R.2G5J». 

r 

R. 2052. 

Sauropleura pertinata. 

It. 2050. R.20r)l. 

R. 2054. 

Leni^tli of orbit 
Interorbital width 

Hd. of biblo of skull 

4*8 in in. 

1 8 . 

4*n linn. 

3*0 mill. 

0*0 

-- 

Li., of lower jaw 


170 .. 

2t'0 „ 22*.5 niin. 


Lt. of elaviele 

. ('r)G-O 

0-5 .. 

— 

- 

Av. bd. of scales 

0-25 

01 „ 

0-2 

0*24 mm. 

Av. lit. of centrum 

2-y 

- 

— 

1-3 „ 

Ht. of most ant. vort. 

. 

— 

3*2 

5-0 „ 

Ht. of most post. vert. 


— 

- 4-0 „ 

1*0 

The British Museum material includes two 

sj>ecii!s of Saiiroplenra. 

This con- 


elusion was also re^ached by Bonier after an examination of the American material. 
The value of the dermal armour as a cljaiucieristic of the s}>ecies is doubtful, as 
the method of pre.servation often obscures its coin})let.e structure. 

J. tiauro'pleiira marshii (B. 2659) in which there is no marked djfierenceiiisize 
between the ])remaxillary and maxillaiy teeth, hnt where these form a series 
grmlually decreasing in size from the most anterior tooth ; there is also an inter- 
nasal space present, and the preorhital region of the skull is loss elongate than in 
fSauropleura pectinata. 

2. JSauroplenra pectinata (B. 2656, B. 2651, B. 2653). There is a marked 
difference in size between the premaxillary and maxillary teetli. TJie premaxillary 
teeth are all large, those of the maxilla are small. The preorhital region of the 
skull is longer than in Sauropleura marshii. There is no evidence whether an 
internasal foramen is present or not, 
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Sauroplenra marshii (R. 2650). The structure of the crnnial roof of the skull 
is most coiripletely shown iu the specimen (H. 2650) of Sauropletira marshii (PI. VI. 
fig. 1). All the sutures given are certain. 

The (lermo-supivioecipitals are two small bones lying j>osterior to the parieials. 
Rehind the pariefiil ainl lateral to the <lerino-supra(3Ccipital is a small triangular 
hone, which is the tabular. I'hat tabulars are present is confirmed in SauropUura 


Te^it-figure 18. 



Sauropleum marshii (Cope). A, R. 2659. Drawing of the skull figured in PI, VI. fig. 1. X 2*4. 
tiauropletira psrlniata Cope. B, R. 2053. Lateral aspect of the skull (camera lucida 
drawing). x 4.* (7, R. 2656. Lateral aspect of the skull. X 1*71. i>, R. 2651, 

Ventral aspect of the skull. X 2*64. 

pectinata (R. 2656, text-fig, 18, C), where they lie as small triangular ornamented 
bones, lateral to the dermo-supraoccipitals. The parietals are oblong, rectangular, 
and include a small pineal foramen at the extreme anterior end of the medial 
suture. Lateral to the parietal and between the tabular and postorbital lies 
a small strip of bone which is the supratemporah In this genus the frontals 
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together form a bone very cliaract*'ri.stic in shape. It is waisted at the narrow 
interorhitiil region, and extends forward (between the nasals) to end in a blunt 
point. Here the nasals are interiorly incomplete, and between them lies a smooth 
unossilied area, which in this specimen appears to be a genuine internasal space. 

Of the circu in orbital series of bones prefrontal, lachrymal, an<l a postorbital 
bone are preserved. The postorbital, which is analogous to the postfrontal and 
postorbital of other forms, extends forward dorsal to the orbit to meet the pre- 
frontal bone. 

The impression of the cheek is obscure<l by a superimposed impression of the 
lower jaw, but that this was relatively deep is shown. 'Che sutures of thequadrato- 
jugal with the squamosal and jugal are distinct. The maxilla extends forwa.rd 
from the qnadrato-jiigal as a narrow hone and appears to enter the orbital margin. 
The premaxillary-maxilla suiurt3 is not obvious. A number of sharp pointed 
slightly recurved teeth are present. The right external nares is visible as a smooth 
depress(Ml area lying between the maxilla, lachrymal, and nasal, and in front of the 
lachrymal. In the lower jaw the external surface of the dcmtary hears no 
ornament. The teetli are straight, acutely pointed, and }issociaie<l in pairs. Tooth 
pits are visible on the ramus of the left jaw-. The angular is a boat- shaped hone 
with a distinct radial ornament (PI. VI. (ig. 1). 

HAlJIlorLEURA TEOTINATA (Cope). 

This sp»*cies is represfuited by throe skulls, li. (text-fig. IK, R) gives 

an impression of the clieek-hones of the skull, in which the relations of the post- 
orbital, squamosal, jugal, and (piadrato-jugal are clearly shown. The maxilla is 
complete in this specim«m, and the premaxillary-maxillary suture visible. The 
maxillary teeth are all sm.all and quite unlike the large maxillary teetli of Suuro- 
pleura w^trshii 'Ihe preorbil.al region shows no certain structure. 

11. 2()5b (toxt-lig, IS, C) <*oiifirms the structures shown in the previous 
specimen. Here the parietals have sHil over one another so that no pineal fora- 
men is visible. The iiiterorhital region is narrow and the frontals form a single 
waisted hone. The prefrontal, hol.h in this spe<*iinen and 11. 2653, has a longer 
ventral exteiusion than in Saaroplrura inar^kii. The preorhital region shows the 
nares to he repre'^ented by an elongate slit between the maxilla, lachrymal, and 
nasal; and the promaxilln-maxillary suture is confirmed. 'Phe maxillary teeth 
vary imliscriminately in size, but all are smaller than the large teeth of Sauro- 
jtleura tnarshtl. There is no gap between the nasals, .so that an inteninsal space 
does not appear to occur in this species. 

In the third skull (ll. 2651, text-tig. 18, D) the anterior part of the palate is 
partially exposed between the lower jaw.^. The para.sphenoi<l appears to he a wide 
flat ]>lnte which is very faintly ornamented. The processus eultriformis is convex 
ventrally and its expansion to the posterior plate is graclual. The interpterygoid 
vacuities are narrow and do not extend far anteriorly ; the prevoniers therefore 
are extensive bones. 

The structure of the lower jaw’, altliough preserved with all three skulls, is 
incompletely shown. 

Shoulder-girdle . — Fragmentary remains of the clavicles and intei-clavicles are 
present. In no case is the complete form of clavicle or interclavicle shown. 

fore limb . — Two tiny humeri are present in the specimen of Sauropleura 
pectinata, R. 2651. 

Hind Ihnh — With the exception of a femur present in R. 2651 and R. 2657, 
the bind limb in these specimens is not preserved. The proportions of the limbs 
with respect to body size is shown in text-fig. 20. 

Dermal armour . — Scales pointed at both ends are present and overlap one 
another, forming a complete ventral armour. They commence immediately behind 
the pectoral girdle and do not j)er8i8t behind the pelvic region. They are fine and 
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hair-like in Sauropleura pectmata (R. 2653), coarse in Sauropleura marshii 
(R. 2659), and in the specimen of Sauropleura pectinata R, 2657. In these 
specimens diiferent regions of the body are preserved. 

VertebrcB . — The dorsal series of vertebras only is found in association with the 
skull. The neural spines are expanded and grooved to their distal margin. 
Towards the pelvic region they become taller and more slender, with well-marked 


Text-figure 19, 



Sa^iroplenra pectinata. Koatoratioii of the skull, dorsal aspect. X JVO. 

I.Na.y lutomasal si>ace. 

grooves on the neural spines. The transverse processes are well developed. The 
centra show an hour-glass-shapt‘<l perfoiation wdiich is superimposed on the 
impression. 

The restoration of the complete skeleton of Sauropleura pectinata (text-fig. 20) 
is founded on specimens II. 2651 and R. 2654, in whicli the hind limbs are present. 
Jl. 2651 includes the complete anterior part of the body to the 1st or 2nd caudal 


Text-figure 20. 



Sauropleura 3)ecfinata Cope. KuHtowtion of the complete skeleton, founded on 82>ocimens 
R. 2651, R. 2654. x 0*60 approx. 


vertebra. The other specimen (R. 2651) exhibits a complete tail with a few of the 
presacral vertebra. The haemal spines commence immediately behind the pelvic 
region. The number of vertebrae between the head and the caudal series is, as far 
as couhl be ascertained, correct. There may possibly be one additional vertebm 
present. 

The ■ restoration of the skull of Sauropleura (text-fig. 19) is based on the 
specimen of Sauropleura marehii (R. 2659). Jaekel (1909) has published a l estora- 
tion of a Linton ScmropUura skull. There is no doubt, on the evidence afforded 
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the British Museum inateritil, that the orbits are placetl very close together, and 
the intororbital distance is narrow, also that tlui external nares are elongate slits. 
In these two respects Jaekel’s restoration of the skull is innccurato. 

The exact re-seinblnnce of tlie Niirschan species Haaropleura (Fiitsch'l 

to the Linton species of Sdurofthum 1 hope to make cIcmi* in a later paper. The 
Niirschan species retains a 1 irger supiMleinporal bone sind somewhat larger limbs, 
and in these respects is the more primitive form. 

Genus Ctenerpeton Cope, 1807. 

Cope, 1807, Proc. Am. Phil. 8oc. xxxvi. p. 8.% pi. 13, iig. 1 . 

Ctksekpeton remex Cope. 

Cope, 1807, Proc. Ainer. Phil. fSoc. {Otenerpe.lon nlveolalmn) . 

Cope, 1870, (ieol. Siirv. Ohio, ii. i^iEstocephfdus remex tails). 

Material : — 

11. 2o48. Iinpro'ssion of ventral armour similar to tliat figured by Moodie( 101(5) 
on PI. 2:5, lig. 2. 

H. 2658. impression of vertebral column, neural and h.'omal spines smooth, with 
pectinate edges. 

MeamrementB : — 

Average length of scale, 8*78 mm. ; average breadth of scale, 3*44 mm. 

R. 2548 is a fragmentary portion of the ventral dermal armour of Ctenerpeton 
remex. It is, although lai’ger, identical iu appearance with the figure given by 
Moodie of Cope’s type-specimen. This specimen, wldle it is fragmentary, is of 
interest, since it shows that each ‘‘angulated derniosseus ]*od ” consists of annmber 
of plates, or scales. The anterior posterior overlai) margin of the scales hears an 
ornament of bosses as shown in Moodie’s figure, whil(» the lateral oveilap margins 
arc unornaineiited. 

The vertebra) in this collection are much smaller than tliose of tlie ty[>e- 
.specimen of ("tenerpeUm, Both neural and liannal spines of tin' vortebrse are 
expanded and fan -like, with slender bases. The free di.stal end of the spine hears 
a series of tiny spines. They are isolated, with no other remains associated with 
them. 

Diceratosaurus rrevirostris (Ct)pe). 

The suggestion made by Uomer that the T-shaped cleithiiini of Batrachi- 
derpeton lineatnni described by Professor Ib M. H. Watson and the similar bones 
which occur in association with tlie skulls of Keratnpeion f/alrani and J)ice7'ato- 
saarus brevirostris arc sc.‘\pula) cannot be upheld, as a ch it brum of this type is 
recorded by Doutbitt (1917) associated with a scapula and a clavicle in Dqdocauhis. 


Order Adelostondyli Watson, 1929*. 

Genus Oocytinus Cope, 1871. 

Cope, 1871, Proc. Am. Phil. 80c. xii. 

• This paper in the ‘ Palojontologria Ilungarica ’ was set itp in type in 1 023 anfi boars that 
date. On the cover it is dated 19 2G. Some proof Bbeots may have boon circulated in that year. 
In 1929 it reached certain libraries, but was not extensively distributed till 1930.— D. M. S. W. 

race. Zoot. Soc.— 1930, No. LVII. 67 
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OOCYTINUS GYRINOIDES OopS. 

Cope, 1871, Proc. Am. Phil. Soc. xii. p. 177. 

Cope, 1874, Trans. Amer. Phil. Soc. p. 278. 

Cope, 1875, Geol. Surv. Ohio, ii. p. 364, pi. 39, fig. 4. 

Moodie, 1916, Coal Measuies Amphibia of N. Amer. p. 68, figs, 16, 16 a. 

Mologophia wKeatleyi Cope. 

Cope, 1874, Trans. Amer, Phil. Soc. xv. p. 263. 

Cope, 1875, Geol. Surv. Ohio, ii. pp. 369-370, pi. 45, fig. 1. 

Moodie, 1916, Coal Measures Amphibia of N. Amer. p. 149. 

Material : — 

R. 2663. Impression of length of vertebml column and associated ribs, showing 
no structure. No limbs present. Imperfect preservation clue to covering of the 
bones with shale. 

Total length, 10'5 mm. 

R. 2544. Impression of entire animal. Limbs incomplete, and some caudal 
vertebiaj missing. Skull represented by an impression of the cranial roof. 
Branchial arches and lower jaw also preserved (PJ. V^. 6gs. 2, 3, 4 ; text-fig. 21). 

Total length preserved, 11*5 cm.; length fore limb to hind limb, 10*27 cm.; 
breadth of table of skull, 6*4 cm.; length of humerus, 2 mm. ; length of femur, 
3 mm.; length of radius, 1*7 mm. 

The second specimen of Cocytimia gyrinoides is very perfectly preserved and all 
details of structure are clearly shown. In general structure it resembles that of 
Lysorophus. The skull-roof is incomplete anteriorly (text-fig. 21, A). Tlje nasals 
are two oblong rectangular bones ; the anterior margins are absent. The frontals 
and parietals resemble the nasals in shape ; and the scries form a broad fiat dorsal 
surface to the skull. Lying in an asymmetric position to one side of the medial 
parietal suture is the pineal foi amen. The parietals are broad and extend later- 
ally beyond the nasals, and it is into the anterior face of this lateral extension that 
the prefrontal fits. 

The right tabular * is present, but does not extend to the mid-dorsal line of 
the skull. The medial sutures of the skull-roof are symmetrical, and the tabular 
is not displaced, so that, as in Lysorojthus^ the supi'aoccipital must have appeared 
on the dorsal skull-roof. 

The cheek is represented by two bones. The prefrontal is bluntly triangular 
in shape, the long side of the triangle lying against the nasal and frontid bones, 
its posterior corner fitting into the anterior face of the lateral projection of the 
parietal. Tlie prefrontal .stretches down towards the rriai-gin of the jaw, and this 
marginal part is thickened. The posterior bone stretches fiom the table of the 
skull to the articular region of the lower jaw. In Lysorophus it takes part in the 
formation of the condyle an<l unquestionably must be, at least in part, the 
quad rate- jugal. In Cocytinus the articular end of this hone is rounded and fits 
into the depression which is the articular surface for the condyle on the lower jaw. 
If this bone, then, is the quadrato-jugal (=squamosal of Lysorophus (Sollas)), the 
small curved bone lying between the quadrato-jugal and the parietals is the 
squamosal bone ( ==supratemporal of Lysorophus (Sollas)). 

Between the quadrato-jugal and prefrontal and in front of the prefrontal, 
indications of ossifications in the neural cranium are present. These impressions 
are very faint, and I found it impossible to find any very certain structure there. 

* There is no evidence of the correct homologj of this bone. Professor Sollas has called the 
similar bone in Lysorophus the tabular, and I have nsed this name here. It may represent a 
tabular, a supra temporal, or a dermo supraoccipital. 
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There is, lying internal to the squamosal and somewhat diagonally across it, a 
small bone which is almost sitting on the articular facet of the lower jaw, and 
this is the quadrate or quadrate and articular. 

The lower jaw is characteristic in shape. It shows no sutures, and there are 
no teeth preserved. The ventral margin is straight, and the articulation of the 
quadrate is low down and near the ventral margin of the jaw. 

Beneatli the quadrato-jugal lies the stapes. It is a bone consisting of a basal 

Text-6 gu re 21. 

A 


B 



Cocytimis (jynnoides Cope. A, R. 2.544. Drawinj? of the skull fipurod in PI 6, fig. 2 X 3*5 
B.A,, Epibrancliials. K, Right fore, X 6*,5 and, hind limbs x 5*6. L\ Connected series of 
vortobrro'and ribs taken some distance in front of the sacral region ; lateral view from the 
right side, PI. VI. fig. 4. X 4. 

plate and a pointed process directed backwards. Between the plate and the process 
there is a break. 

The ornament consists of a few faint striae and pits developed on the dermal 
bones. 

The branchial arch skeleton is represented by four elements lying in close 
succession to one another immediately behind the skull. These are slightly curved 
bony rods, the ventral ends of which are slightly expanded. The first three are of 
the same size^ but the fourth element is much smaller, They are presumably the 

57 * 
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epibranchial elements of tlie four branchial arches. Of the remaining elements of 
the branchial arches, and of the hyoid bones, there are no traces, with the exception 
of an imperfect impimsion of one other bone, belonging to the branchial arch 
skeleton, below the epibranchial series. 

The vertebral column of Cocytinus gyrinoides is also complete. In all eighty- 
one vertebrae are present. There are four verlobrae anterior to the level of the 
shoulder-girdle, but the structure in this region is incompletely shown. The two 
vorbebrse immediately in front of the shoulder-girdle carry small and slender ribs. 

The dorsal series of vertebrae lying between the shoulder-girdle and the pelvic 
girdle consists of some sixty-thi ee vertebra'. These all carry ribs except the 
iasb four (? three) presacral vertebra). The ventral njargins of the centra are 
slightly concave, the breadth and height are approximately the same. That the 
centra are hollow is indicated by the depression on their laternl surface. A side 
view of the neural .arch is shown in PI. VI. fig. 4 text-tig. 21, C. The pre- 
zygapophyses are well developed with a tlattened upper face with which the 
post-zygapophyses articulate. The V 0 rtel)ra) in the specimen are shown in natural 
articulation, and where this is so the neural arch extends anteriorly over the post- 
zygapophyses of tlie preceding vertebrae. The post-zygapophyses are stout and 
project somewhat later.ally from the vertebra). In some of tlm vertebric inter- 
vertebral foramen are shown. The transverse processes arc carried below the 
pre-zygapophyses and near the anterior face of the vertebra). I could detect no 
facet on the centra for the capitum of the rib. 

The structure of the remaining eleven vertebra) is not distinctly shown ; they 
resemble the dorsal vertobne in structure. No ribs arc present, and there appears 
to he no dififerentiaied sacral vertebra'. 

Ilil)-5 are present on the first sixty-two (? .sixty-throe) d»)rsnl vortebrac, and on the 
two posterior cervical vertebra,'. They do not <liflVr greatly in size, the cervical 
ribs and the last of the dorsal series being smaller and more slender. They are 
slightly curved with the ventral end expanded. 'J’he proximal end appears broad, 
but it is not clear whether they arc single or douhle-hendod. 

The shoulder girdle of (\)cytiims is loosely connected with the ribs, as both 
shoulder-girdle and fore limb are displaced (text fig. 2 1 , 15). The ginlie is repi-esentetl 
by two curved bony splints which are presiimal»ly clavicles. Above the head of 
the humerus lies a small bone, whudi may represent the scapula. It is flat, and 
there is no trace of any depression on it. The humerus is rcprcscnte<l by a fiat 
bony plate, of which the anterior margin is more concave than the posterior one. 
The remaining hones of the fore limb liave nob boeji preserved, except for a small 
metacarpal bone lying on the posterior margin of the laimerms. 

Tlie hind limb is also displaced. BotJi femora .are present, and situate d at tbe 
distal end of one femur lie the proximal eiuls of tibia and fibula. One or two 
metatarsals are present. Both the ])roxiinal and the distal ends of the femur are 
expanded. These expansions are flat, but the iiderveniiig part is strongly rounded. 
Behind the femur lies a hone which appears to have one end broader than tliehea<l 
of either tibia or fibula, and which is possibly a jielvic ginlle bone. 

Jt is impossible to ascertain the structure of the sacral vei tebra*. They appear 
to resemble exactly the dorsal vertebrae in structure and proportion but carry no 
ribs. 

Tbe fore limb is. slender and delicate wdien compared with tbe more massive 
hind limbs. Although more developed, both fore and hind limbs are absurdly 
small and must have proved ineffective striictiires. 

Systematic Position o/ Cocytinus. 

Cocytinus gyrinoides is at once distinguished from the other species of this 
fauna by the well-ossified vertebral column, and a skull in which the cheek-bones 
^re largely unossified, associated with the presence of a hyobranchial apparatus. AU 
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those suggest immediately its relationship to LysorophuSt f'- suggestion which has 
already been put forward by Piofessor J). M. S. Watson. 

Jf tlie skull be compared with that ol Lysoropfms the similarity even in detail is 
striking. The rectangular nasals, frontals, and parietals, the curious sigmoid 
squamosal, the artieailation of the prefrontal with parietal, nasal, and frontjil, and 
the absence of all the elioek-bonos except the prefrontal and quadrato-jugal, all 
point to a minute sirnilariry in structure between the two forms. The lower jaw 
is identical in shape, and in the fact that the liinder end of the dentary rises as a 
coronoid process high above the articular surface of the jaw. In both the branchial 
arch skeleton, four arches in Cocytuma (three with remnants of a fourth in 
Lyaoroj)}ms), and the hyoid bones (shown in Cope’s specimens of Cocytinus 
gyrinoiiUs) iwa similar. Further, the verte})ral column in Cocytinus resembles that 
of Lysorophns^ except for the anterior extension of tho ncuial arch elements in 
Cocytinus, Fore and liiiid limbs are present, and in both the hind limb is the 
larger structure. 

A statement of the existing diflerences will make the exact resemblance of the 
two forms clearer. These are : — 

1. The presence of a minute })ineal foramen in Cocytinus gyrinoides, which is 

asymmetric in position. There is no pineal foramen in Lysorophus. 

2. The presence of a fourth well- ossified branchial arch in Cocytinus. 

3. The extension of the neural arch of the vertebrae more anteriorly than in 

Lysorophus. 

The pattern of tho skull (as far as this is shown b}^ Cocytinxis)^ the structure of 
tho vertebiw (except for a minor difTeronce), the limbs and the character of the 
hyobranchial apparatus, then, tne iditmtical in both forms. 

Cocytinus gyriuoidcs, t.herefoiv, is very closely allied to Lysm^ophus and belongs 
to the order Adelospondyli, 'Phere is no evidence in this specimen that there is a 
,soi)arate neural arch ainl cvntruin ossification, as the veitebra) are pi’eseiued in an 
und isturbed cond i t ion . 

The structure of Cocytinus gyrinoidcs, while of no value as a stage in the 
derivation of the Lysorophus skull from a type like that of Adelogyrinus simorhyn- 
chus or Dolichoparrius dtsjrctus (in which i eduction of the cranial bones has 
jilro'uly commence<l), is of great interest. Cocytinus occurs in the Middle Coal 
Measures at Linton, and is tlieri'fore inlciniediate in age between 
etc., from the low’er C’arboiiiferous of Scotland, and Lysorophus^ which is found in 
hods of extreme II. ( arb. age in 'IVxas. It is remaikable tliat tbe very specialised 
type of skull structure exemplified in the Cocytinus Lysorojdius group occurred as 
early as tlie Middle Coal Measures and persisted unchanged to the top of the 
Oarboniforous period, 

Loss'et' jaw of an Adelospondyl. 

There is present in the British Museum collection a specimen (ll. 2667) on 
which the anterior part of a lower jaw is present. The jaw’ is slender with a flat 
ventral margin, and a short tooth row with very large erect teeth of much the 
same size. This jaw resembles, so far as preserved, that of a Cocytinus or 
Lysorophus form. The occurrence is of interest, as it suggests the presence of a 
compaiatively large Adelo.spondylous form amongst the Linton fauna. 

Genus Pledroptyx, Cope, 1875. 

Co{)e, 1876, Geol. Surv. Ohio, ii. p. 370. 

Plburoptyx clavatus Cope. 

Oope, 1875, Geol. Surv. Ohio, ii. p. 370, pi. 42, fig. 1 ; pi. 44, tig. 2. 
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Material : — 

R. 2670. Impression of ribs and yertebrsB (PI. VI. fig. 5). 

Measurements \ — 

Length of centrum, 7*2 mm. ; length of neural spine, 8*5 mm. ; depth of 
vertebraD, 17*0 mm. ; length of arc of rib, 27*0 mm. ; width of ala, 5^0 mm. ; width 
of rib at extremity, 2*5 mm. 

Pleuroptyx olavatus is represented by an impression of several vertebrae and the 
associated ribs. It is identical with the specimen figured by Cope (Geol. Surv. 
Ohio., pi. 44, fig. 2) but is smaller. 

The vertebrae are well shown. The centra are massive, and one which shows 
the ventral surface displays a ventral medial rib, on either side of which tlie 
surface is deeply concave. The neural arches at one end of the specimen are 
separate from their centra. These carry, somewhat anteriorly, broad transverse 
processes. The zygapophyses are well developed. The neural arches form a low 
medial arch projecting anteriorly alcove the pre-zygapophyses. 

The ribs are stout and curved, but the proximal end is not shown. The 
posterior ala is a thin flat laminar expansion narrowing towards the distal end 
of the rib shaft. 

The structure of the rib is paralleled in no other known form, and the vertebrsQ 
have a separate neural arch and centrum ossification. Pleuroptyx cldvaUis is there- 
fore assigned on the structure of its vertebral column to the order Adelospondyli. 
In connection with the systematic position of Pleuroptyx it is of interest to note 
that a larger Adelospondylous form than Cocytinus occurs in tlie Linton fauna, as 
exemplified by an isolated lower jaw. 

The collection of material from Linton includes also the following specimens : — 
Order L abt rikth odonti A. 

Orthosaurus sp. 

P. 2675 (B.M. 64). Fragment of the clieek of an Orthosaurid skull which 
cannot be distinguished from the English specimens of Orthosaurus. This skull 
and that of the Labyrinthodont (B. 2675) are much the largest forms present in' 
this fauna. 

Labyrinthodont. 

R. 2675 (B.M. 63). Fragment of a large skull, too incomplete to make 
identification possible. Prolmbly an Embolomerous form. 

The Structure op the Vertebral Column in the Linton 
Phtllospondvli. 

There occurs in association with the skull of Erpetosaw^us radiatus a number 
of scattered isolated somewhat triangular plates. Similar elements are associated 
with the skull of Stegops divaricatat but in this case two neuml arch elements, 
comparable in structure with those of a Phyllospondyl such as Branchiosaurus^ are 
also present. The evidence that these triangular plates represent vertebral 
elements was afforded by a single specimen both slab and counterpart (R. 2664), 
between which a section of the dermal armour of a scaled Amphibian was 
preserved. In this specimen the ventral scales remain for the most part undis- 
turbed, so that the complete ventral armour of the animal is shown. The 
individual scales (in length 4 mm. and 1*5 mm. broad) are elongate, parallel sided 
with rounded ends, and smooth on both inner and outer sides. Across the inner 
surface of these ventral scales there lies a single row of triangular plates (length 
4 mm., height 8 mm.) (PI. IV. fig. 2) identical with those oi Erpetosaurus radiatus and 
Stegops divaricata. The structure of these plates, as shown, admits of no intelligent 
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interpretation, but there can be no doubt that these elements form an integral 
part of the vertebral column. On the free margin of the ventral armour, and 
superimposed on the vertebral elements and the inner surface of the ventral scales, 
lie numerous fragile oval scales (length 2*5 mm.) which show a delicate ornament 
of concentric rings, and in some cases faint radial striae. They are not comparable 
to fish scales, are too numerous fur their presence here to be accidental, and can 
only represent dermal dorsal scales. The point is an important one, as it is 
consistent with the occurrence of two types of scales in association with many 
of the Linton Phyllospoiidylian skulls, and in addition brings the Linton fauna 
into agreement with the Niirschan Amphibia, in which a similar form of scaling 
occurs. 

The type of vertebra which occurs in these Linton species is clearly only 
comparable, amongst the Pala?ozoic Amphibia, to that of a Phyllospondyl. 

In the Phyllosopondyli the structure of the vertebral columns is known for the 
most part in later members of the order such as in the JBranchiosaurs, etc. Here 
the vertebiw consist of ossified neural arch elements with no trace ol centra, and 
this type of vertebral column is in keeping with the general reduction of ossification 
of the skeleton. In KwjyrinuB wildii neural arches are known and no centra 
appear to be present. 

An interpretation of the structure of the vertebral column in Steyops 
divaricata was suggested to me by Professor 1). M. 8. Watson. In a speci- 
men of TAmnerpeton laticepSy figured by Fritsch (Fauna der Perm, formations 
Ildhmens, Bd. i. pi. 36, fig. 1), there occurs in the vertebral column of a single 
indivi<lual anterior vertebrae witli well-developed neural arches, succeeded by 
more posterior vertebra) in which the neural arches are represented by somewhat 
triangular plates. This, then, is the explanation of the structure of the vertebral 
column of the Linton Phyllospondyli, and of the association of normal neural 
arch elements with triangular plates such as occur in Stegops divaricata. In 
ErpetOBaxirm radiatuB, the only other species in which tlie vertebrte column 
is known, it is formed for a considerable distance posterior to the interclavicular 
region by these triangular plates. 

The ossification of the vertebral column, then, in these Middle Coal Measures 
forms is ns incomplete as in Lower Permian species. That this is so, is suppoited 
by the condition of the vertebral column in JEugyrinuB wildii. 

The structure of the vertebral column in the Linton species is consistent with 
what is known of the palate and the skull. 

The Linton Phyllospondyli. 

The cannel coal bed at Linton is the earliest known deposit from which 
Phyllosopondyli have been recorded, with the exception of Eugyrinus wildii from 
the L. Coal Measures of Lancashire. The morphology of the Linton species is, 
therefore, of the greatest importance from its bearing on the evolution of the 
Phyllospondyli. 

The discussion of their morphology, which has been given, can leave no doubt 
that they form a series of related forms, with a common basis of skull structure, 
in which all the evidence is consistent with their systematic position in the 
Phyllospondyli. The most complete confirmation of this, as Romer has pointed 
out, is the close agreement of the skulls of Pelion lyeUi and Eugyrinm wildii, 
Pelion lyeUi retains an intertemporal bone in the skull-roof. This bone is already 
lost in Eugyrinus wildii^ and is present in no other Linton species except 
Branckiosauravus, On the other hand, the skull of ErpetosauruB^ while retaining 
many primitive characters such as large basioccipital, single basioccipital condyle 
into which the exoccipitals enter, small parasphenoid, and narrow interpterygoid 
vacuities, presents a palate of a primitive Bmnchiosaur type. It is therefore quite 
clear that this series of Linton forms can be identified through Pelion lyeUi with 
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lUugi/rinua wildiu while on the other hand, JSrpetosaurtis exhibits many features 
which are characteristic of the Oarboniferous and early Permian Labyrinthodonts. 
While this so, the more advanced members of this fauna, such as Stegopa^ are 
Branchiosaur like. 

The individual skulls present combinations of advanced and primitive charac- 
ters, and it is possible to form, within the Linton species, a morpliological series 
for any one character of skull stiucture, of wdiich character the final result is 
expressed in the Braiichiosaui’s. The morphological changes which the series 
presents are these ; — 

1. The skull becomes dorso-ventrally flatteued, e. g., Erpetoaaiinia and Colosteua, 
Stegopa^ Branchiosaurm, 

2. The intertemporal bone is already lost in the Linton species with the 
exception of the species Pelion lyelli and Branchioaaurua, 

3. The ectopterygoid, which is present in all the Linton species, is absent in 
the Branchiosaurs. Correlated with this is the extension of the subtemporal fossa 
anteriorly. A slight extension of the subtemporal fossa anteriorly is seen in 
Erpetoaaiirna Icevia, 

4. The iriterpterygoid vacuities incroiise in si/,e-' cf. Erpetoaa tints ^ Stegops^ 
Branchiosaurua. 

5. The movable artic.uliitiou between the pteiygoid and the basipterygoid 
processes of the paraspheiioid is replaced by a sutural union — cf . Earpeioawiirua and 
Pelion lyelli, IStegopa and Platyrhinopa, 

6. The posterior plate of the parasphenoid becomes expanded — Erpetosaurus, 
Steyopa, Pelion, 

7. The length of the quadrate ramus of the pterygoid becomes reduced- -cf, 
Platyrhinopa, Pelion, Bramhiosaurua, 

The previous considerations can lead only to tlie following conclusions : — 

That 

1. The more primitive Linton species, such ns Erpeioaiviims, share certain 
features in common with the skulls of Carboniferous and early Permian Labyrin- 
thodonts. These features, which disappear completely in later members of both 
orders, are direct inheritances from a common ancestor. 

2. The Linton specie.s are morphologically the potential ancestors of later 
Phyllospondyli, such us the Branchiosaurs, njid not aberrant forms. In eve»*y 
character of skull structure they are the more primitive. 

3. The series of differences which separate them from the Branchiosaurs are 
identical with the series of changes which take place with time in the older of the 
Labyrinthodoiitia. 

4. This series of changes take place in the Phyllospondyli at a much earlier 
period than in the Labyrinthodonts. Erpetoaaurua raduitus presents a similar 
morphological evolutionary stage to that of Eryopas. llachitimous Labyrinthodont 
from the L. Permian. 

The skull of Erpetoaaurua radiatua, in which many of the characteristics of the 
Oarboniferous or early Permian Labyrinthodont skulls are present, does in part 
solve the question of the relationship of the Phyllospondyli and tlie Labyrintho- 
dontia. It is evident that tlie intervening morphological stages must he sought at 
a much earlier geological period. 

From the Linton fauna there is gained some idea of the diversity of structure 
which the Phyllospondyli pi*esent as e.arly as the M. Coal Measures period. It is 
of interest that these, some of the earliest known members of this group, already 
attain a stage of morphological specialisation, which is reached in the Labyrintho- 
dontia only at a much later geological period. The Linton Phyllospondyli are 
therefore still further characterised by the precocious development of those 
evolutionary changes which take place in the PalsBosoic orders of Amphibia. 
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Geographical Distribution. 

It lias already been pointed out by Romer that remnants of similar faunas to 
that of Linton are preserved at Jarrow (Ireland) and Niirschan, and that the later 
Perino-carboniferous faunas of America show little lelation to these. He has 
included in his paper a siimniary of the inter-relation of these faunas. 

On the evidence afforded by the Linton fauna, comparisons with other species, 
unless there is complete evidence of their systematic position, is unsatisfactoiy. 
'rhere remains little to note, but 1 should like to emphasise the widespread distri- 
bution of Opliidei'petoii. Almost i<lentical species of this long-bodied legless 
Amphibian occur at Niirschan, Linton, Jarrow (Ireland), and Newsham (England). 
Species of Hauroplcura are present both at Niirschan and Linton, and observations 
on the Niirschan species iSaaropleura diethictus which 1 hope to publish will make 
clear the exact rescmh'anco of the two forms. Sauropleura disthictm, in the 
retention of a larger su prate in [)oral bone and somewhat larger limbs, is the more 
primitive. 

Acanthostoma vora,c is undoubtedly a Phyllospondyl, and in many respects 
closely allied to Stegops divarkata. There i& no evidence that Dcisyceps, Zatrachys, 
and Flatyhistrix bekmg to this group. 

It is possible that the small skull Tersomixia iexensis Cope from Texas is a 
Phyllospondyl. 

A Jlibliography of the fossil Amphibia is included in : — 

Moodie, B. L. 1916. The Coal Measures Amphibia of North America. Piibl. Carnegie Inst. 
Wash. 110 . 2!38. 

Hay, O. P. 1902. Bibliography and Catalogue of the Fossil Vertebrata of North America. 

1929. Second Bibliography and Catalogue of the Fossil Vertebrata of North America. 

Piibl. Carnegie Inst. Wash, no. 390, i, 

Komek, a. »S. 1930. The Puunsylvaiiiaii Tetrapods of Linton, Ohio. Bull. Amor. Mus. Nat. Hist, 
lix. pp. 77-147. 
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EXPLANATION OF THE PLATES. 

Plate I. 

Fig. 1. ErpetomuriM radiatits (Cope). B. 2670. Palate. X I’SO.''^ 

2. Erpetoaaums radiatus (Cope). P. 2672. Dorsal surface of the skull. X 0*95. Text- 

% 2 . 

8. Erpetosaurw Itsvis (Moodie). B. 2662. Ventral surface of the skull. X 1*54. Text- 
fig. 4. 

Plate II. 

Fig. 1. OolosfsMs scwieUattis (Newberry). B. 2.547. Lateral aspect of the skull, x 0*74. Text- 
fig. 6. 

2. Btegopa divaricata (Cope). B. 2546. Ventral surface of the skull, x 1’3. Text-fig. 9. 

3. Stegops divaricata (Cope). B. 2668. Dorsal surface of the skull. X 1*03. Text-fig. 8. 

Plate III. 

Fig. 1. Platyrhinopa mordae (Cope) (gen. n.). B.2670. Dorsal surface of the skull, x 1’16. 
Text-%. 11. 

2. Platyrhinops mordax (Cope) (gen.n.). B. 2670. Ventral aspect of the palate. X 108 

Text-fig. 12. 

3. Mytaras maerognathibSt gen. et sp. n. B. 2657, Ventral aspect of the skull. X 1*19 

Text-fig. 14. 


* Except where otherwise stated, all photographs are of plasticene or dental wax squeezes. 
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Plate IV. 

Fig. 1. Pelion lyelU Wyman. P. 2674. Ventral aspect of the skull. X 2*86. Text-fig. 15. 

2. Vertebral column and dermal armour of a Phyllospondyl. X 1*41. B. 2664. 

Plate V. 

Fig. 1. Ofihiderpefon amphiuminus (Cope). B. 2657. Ijateral aspect of the skull. X 1‘29. 
Text-tig. 17 B. 

2, Ophiderpeton amphiuminiiB (Cope), P.2673. Skull. X 1*94. Text-fig. 17 A. 

3. 0%}liiderpeton amphiuminus (Cope). P. 2673 Vertebrm and ribs, X 1*81. 

Plate VI. 

Fig. 1. Sauropleura marshii (Cope). B. 2659. Dorsal surface of the skull. 

2. Gocytinus gyrinoides Cope. B. 2544. X 1*06. 

3. Gocytinus gyrinoides Cope. B. 2544. Enlarged anterior part of specimen in pi. 6, fig. 2. 

X 2*33. 

4. Gocytinus gyrinoides Cope. B. 2544. Enlarged sacral and presacral region of the specimen, 

pi. 6, fig. 2. X 3-0. 

5. Pleuroptyse clavatus Cope, B. 2676. Vertebral column. X 1*42. 


The following abbreviations have been used in the text-figures : — 


Ang. Angular. 

B,Oe. Basioccipital. 

C.F. Carotid foramen. 

Cl, Clavicle. 

Clei, Cloithrum. 

Dentary. 

Ec,Pt, Ectopterygoid or transverse bone. 
Ex.Oc, Exoccipital. 

Ext,Nar, External naras. 

F,0. Fenestra ovalis. 

F,P. Prefrontal. 

Fe. Femur. 

Fr, Frontal. 

H, Humerus. 

LCl, Interclavicle. 

II, Ilium. 

InUnar, Internal nares. 

Ju. Jugal. 

L,1j,Jt Left lower jaw. 

La, Lachrymal. 

Mx, Maxilla. 

Na, Nasal. 

Orb, Orbit. 

P,B,Pt, Basipterygoid processes of 
parasphenoid. 

P,F, Post-frontal. 


' P,Mx, PremaxiUs. 

P,0, Postorbital. 

P, R,Pt. Palatal ramus of pterygoid. 

P. V, Prevomer. 

Pal, Palatine. 

Pat, Parietal. 

Par,Oc, Paroccipital process. 

Pro,Ot, Pro-otic. 

Psp, Parasphenoid. 

Pt. Pterygoid. 

PT,8P, Post splenial. 

Q, J, Quadrato-jugal. 

Q, R,Pt, Quadrate ramus of pterygoid. 

, Qd, Quadrate. 

BA, Badius. 

8,Ang, Surangular. 

! 8,0,P, Supraorbital plates. 

8.T, Supratemporal. 

8,T,8. Supratemporal spine. 

8c, Scapula. 

8p, Splenial. 

Sq, Squamosal, 
j Tab, Tabular. 

! VI, Ulna. 

i Xll. Foramen for hypoglossal nerve. 

V,M,R, Ventral medial ridge. 



P. A., d. IXCiMiONt Pl> I. 



JUmBtkSm & 0«iwlunU.< Lmte. 


ON THE BUD0IN6 OF A SCYPHISTOMA. 



ON THB BUDDINa OT A SOVSHISIOIU. 


>893 


40. On Uie Budding of a Scypliistuina. 

By Rachel M. Renton, F.Z.S, 

[Beceivod May 16, 1930 ; Bead October 21, 1930.] 

(Plate I.* ; Text-fi^^ure 1.) 

The. j^cyphistoma was first found unattaclied and floating in a tank in a small 
Marine Aquarium at University College, London, in February 1929, the sea- 
water for the tanks having been obtained from Plymouth some six months before. 
Since then it lias made its appearance in four different tanks, growing on the 
stones and shells often in consideiuble numbers. 

The normal iinlividual is very small and of a semi transparent white, measuring 
just over 1 mm. in height, about i mm. across the polyp, and the stalk usually 
about i mm. when nob extended ; the length of the tentacles varies very considerably, 
beim^ sometimes when fully extended as much as 1 mm. or occasionally even more 
thaifthis. The polyp is bell -shaped, and the tentacles number either 16 or 20, 
rarely anything between. 

In the bud one tentacle usually makes its appearance, followed rapidly by three 
more, then another set of four, and by the time the bud has separated there are at 
least twelve or even sixteen. Up to the present I have never observed budding 
taking place in a polyp with fewer than sixteen tentacles. The stalk is normally 
rather short and thick, but it can be extended to twice or three times its ordinary 
length, becoming very thin and fine. 

The mouth, which lies in the middle of a flat disc, is four cornered, with a 
thickened rim on each of tlie four side.s ; being very elastic it can be opened to the 
extreme elge of the disc; sometimes two sides will stretch and open, while the 
other two remain .still. The opening and closing take place by means of four 
muscle bands, one at each corner of the mouth, which extends radially to the margin 

of the disc. , , , 

The first specimens were put into a finger-bow l containing water from the tank 
in which they were found, and budding began almost at once. Between then and 
the present date, February 1930, a very large number of individuals have been 
kept under observation in finger-bowls, and at the same time small stones on which 
the Scyphistoma were growing have been closely studied, and in every case the 
method of budding has followed exactly the s'lme course. 

The chief point of interest in this process lies in the fnet that the new polyp 
remains fixed to the parent stalk, while the pirent polyp grows a new stalk, then 
separates from the bud and finally becomes attached by the newly-formed stalk, 
either close to the new polyp or some distance away. Occasionally the new stalk 
fixes itself to the finger-bowl or stone before the polyps have become completely 
separated (text-fig. 1, L). 

A series of diagrammatic drawings (with the tentacles omitted) illustrate this 
method of budding and growth of stalk. The bud appears as a small bulge at the 
side of the polyp (text-fig. 1, A) and grows quickly outwards and slightly down- 
wards (text-fig. 1, B). About the second day the stalk appears as a small 
outgrowth on the opposite side of the polyp (text-fig. 1, C) and extends outwards 
and upwards (text-fig. 1, D, E, F), About the fourth day the tentacles appear, 
although in some cases ona has begun to show earlier than this. As the new polyp 

* For explaaatios of Plate, see p. 896. 
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Text-figure 1 . 



Diagfammatio drawings of a Soyphiatoma (with tsntaoles omitted) iUnstrating the 
prooese of hodding. 
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increases in size a constriction begins to be seen between it and the parent (text- 
fig. 1, G, H), and this soon becomes well marked above and below. 

At the stage reached in text-fig. 1, 1, J, this process has continued to such an 
extent that the connection between the two polyps has become very slender. 
Finally about the eighth or ninth day (the time varies) the two polyps are com- 
pletely separated (text-fig. 1. K), the new individual remaining fixed on the 
parent stalk, and the parent polyp attaching itself by the new stalk to the glass or 
stone* After an interval of a few days both polyps begin to bud anew. The only 
variation that has occurred has been in the relative sizes of the bud and new stalk; 
in a few cases the bud being already fairly large when the stalk first made its 
appearance, though it is more usual for the stalk to appear immediately after the 
bud and grow rapidly. During growth the new stalk is very active, stretching 
out to a great length and then contracting suddenly, after coiling itself round the 
polyp. Even when fixed it remains very sensitive, and at a touch or sudden slight 
movement of the finger-bowl will contract violently drawing the polyp down. 

When not engaged in budding the Scyphistoma spreads its tentacles out and by 
means of the flexible stalk bends itself in all directions in its search for food, which 
seems to consist for the most part of Protozoa which are caught on the tips of the 
tentacle, the latter being then thrown into the mouth and slowly withdrawn. Some- 
times several tentacles are cast in the mouth at once. 

It may be worth noting that I have tried feeding the Scyphistoma on a 
nutnitive fluid made from raw moat or fish, and have observed the tentacles 
catching minute portions of the food, but owing to the habit of the animal of 
suddenly contracting and remaining in this position for a considerable time at the 
slightest disturbance of the water, they are not very easy to feed artificially. 

Perez has described two types of budding, one of which takes place on a stolon 
growing out from the side of the parent polyp ; his illustrations of this method show 
the latter tapering slightly towards the base, where it is fixed by a short thick 
stalk, quite unlike the noticeably differentiated stalk and polyp of the type I have 
described. The bud continues to grow on the stolon, which becomes very thin, and 
as the bud fixes itself the connecting stolon breaks and the young Scyphistoma 
becomes independent. 

In Perez’s other account the bud grows out directly from the lateral surface of 
the polyp and has no connection with the stolon ; in this respect the budding is of 
the same type as in the .specimen I have described. 

The important point of difference occurs in the formation of the new’ stalk ; in 
Perez's Scyphistoma the bud grows a stalk and fixes itself by this, while in the other 
case, of which I have given a full account above, the bud remains fixed to the 
parent stalk, and the parent takes the new stalk and fixes itself by this. In 
H^rouard’s account the budding is of the former type, in which the bud grows from 
the stolon, and this method is followed in some other specimens which I have had 
under observation in the Aquarium at University College. 

In conclusion, I should like to express my thanks to Pi'ofessorD. M. S. Watson, 
F.R.S., and also to Captain A. K.T©ttoii,of the British Museum (N.atural History), 
for their kind assistance and advice ; to Mr. W. II. T. Tams, of the British Museum 
(Natural History), I am indebted for the photographs of the Scyphistoma. 
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EXPLANATION OF THE PLATE. 

Fig. 1. Scyphistoma, with tentacles extended. 

2. Scyphistoma, with bud. 

3. Showing bud fixed to piece of stone. 

4. Showing parent with tentacles fully extended. 

(Untouched photographs of living specimens at a magnification of about 30 diameters 

by Mr. W. H. T. Tams.) 
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41. A Collecticn of Frogs from Portuguese East Africa. 

By H. W. Parker, B.A.* * * § 

(Submitted for publication by permisRion of the TruRtees of the British Museum.) 

[BeoeiTed July 3, 1930 : Bead November 4, 1930.] 

(Plate I.t) 

During his expedition to the mouth of the Zambesi on behalf of the Zoological 
Society +, Mr. II. B. Cott made a large collection of preserved, as well as liviug, 
animals, and the author is indebted to him for the opportunity of studying the 
frogs of this collection. It has been considered advisable to give a complete list 
of the species, since, in addition to new species, others have not previously been 
recorded from this particular region. The localities have already been adequately 
described §, and all the specimens mentioned below have been presented to the 
British Museum. 


E A N 1 1) iK. 

1. EANA ADSPEBSA (Tschlldi). 

2 Caia; 3 Mutarara, 

2. Rana BELALANUii (Tschudi). 

1, 50 miles N. of Mutarara. 

3. Eana GALAHENsis Dum. & Bibr. 

6 Fambani River. 

4. Rana anqolensis Bocage. 

3 Aniatongas. 

One specimen, though measuring 34 mm. from snout to vent, has a persistent 
larval tail 6 mm. long; other newly-metamoi'i)ho.sed Rf)ecimens of this species 
measure only 21 mm., the tail being then completely absorbed. 

5. Rana nutti Boulenger. 

1 Amatongas. 

Nieden || has considered this species a synonym of the preceding, but Barbour 
and Loveridgo IT lia-ve maintained that angolemis is distinguishable by its longer 
snout. Comparison of several specimens supports the latter contention, and the 
differences noted may be expressed thus: — 

A. Snout 1 J the diameter of the eye ; nostril nearer the eye than the end of the 
snout ; tympanum f the diameter of the eye ; length of the foot contained 1^- 


in the distance from snout to vent j?. angolensitt. 

B. Snout 1| the diameter of the eye ; nostril midway between the eye and the end 
of the snout ; tympanum J the diameter' of the eye : length of the foot con- 
tained 1} in tlie distance from snout to vent R. nutii. 


* Communicated by H. B. Cott, F.Z.S. 

t For explanation of the Flate, see p. 905. 

X Cott, ]^o. Zool. Soo. London, 1928 (4), pp. 923-61. 

§ Cott, tom. cit 

{i Mitt. Mus. Berlin; vii. 1915, p. 352. 
f Mem. Mus. Comp. Zool. L (2) 1928, p. 195. 

Pboo* Zool. Soo. — 1930, No. LTIII. 
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6. Rana ansohgii Boulonger. 

10 Amatongas. e * - . 

Although this species has hitherto been recorded only from the west of Africa 
(Angola to Oaraerun), the above-mentioned specimens appear to bolong to the same 
species. They are indistinguishable from the type, ns are other specimens from 
Sibundeni, Zululand, preserved in the British Museum. 

7. Rana ox YRYNCHUS Smith. 

3 Amatongas ; 1 Caia ; 4 Charre ; 2 Fambani River. 

8. Rana mascabenibnsis Dum. Bibr. 

1 Oaia; 1 Charre. 


Abrana, gen. n. 

Pupil horizontal. Tongue free and deeply notched behind. Tympanum 
distinct. Fingers free; toes webbed, the outer metatarsals separated hy web in 
their distal half ; digits not dilated distally. 

Maxillary teeth present ; vomerine teeth in two short series close to the inner, 
anterior edge of the choame. Clavicles and procoracoids absent, replaced by 
a ligament; omosternum large, bony A-shaped ; sternum with a bony style. 
Terminal phalanges long and simple ; no intercalary phalanges. 

This genus is closely allied to IHychadvenay with which i1 agrees in all respects 
except the condition of the shoulder-girdle. In PtychadoBna the clavicle and 
procsoracoid are much reduced in comparison with the ancestral stock (llana)^ and 
Abram represents a stage further along the same line of degeneration. Whether 
Ptychadcena be regarded as a distinct genus or merely as a subgenus of Rana^ the 
entire absence of the clavicle and procoracoid provides such a clear-cut differential 
character that the new form certainly seems worthy of the generic recognition. 
A parallel instance of the complete reduction of these two elements of the shoulder, 
girdle is furnished among the African Ranids by the genus Gacoaternum, 

9. Abrana cotti, sp, n. 

Holotype a ? , no. 1929.12.20.1 in the British Museum, from Charre. 

Snout long, prominent, pointed, 1| the diameter of the eye; canthus rostralis 
rounded ; loreal region oblique, concave ; nostril a little nearer the tip of the snout 
than the eye; interorbital space narrower than the upper eyelid. Tympanum 
distinct, ^ the diameter of the eye. Fingers pointed, with slight, fleshy, lateral 
fringes at bases of the three inner ; first and second subequal ; fourth a little longer 
than the second. Toes almost entirely webbed, the membrane reaching the 
terminal phalanges of all except the fourth, which has two phalanges free ; a small 
inner but no outer metatai*sal tubercle; a distinct diagonal tarsal fold. Tibio- 
tarsal articulation reaching the anterior border of the eye; heels strongly 
overlapping; tibia a little more than three times as long as broad, its length 
contained twice in tlm distance from snout to vent. Four moderately distinct 
glandular folds on each flank, the upper commencing from the posterior corner of 
the eye; mid-dorsal region with short, indistinct, longitudinal folds; a strong fold 
from beneath the eye to the shoulder; posterior portion of belly and hinder side 
of thighs slightly granular. 

Brownish above, with small, darker spots; a dark line from nostril to eye; 
glandular fold in front of shoulder lighter. Thighs narrowly, tibia broadly, 
cross-banded ; hinder side of thighs speckled with darker. Lower surfaces 
immaculate white, 
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Length from snout to vent 43 mm. ; hind limb 65 mm. 

Paratypes, 7 specimens from the type-locality. 

These show some differences from the holotype. The tympanum may be 
slightly less than § the diameter of the eye, the fleshy fringes at the bases of 
the fingers may be entirely absent, the tibio-tarsal articulation usually reaches to 


Text-figure 1. 



midway between the eye and the end of the snout, and the dorsal and lateral 
glandular folds are very inconstant, being often almost entirely absent. 

Largest 40 min. from snout to vent ; smallest .*10 mm. 

All, including the holotype, show a lighter-coloured pineal spot on a level with 
the anterior borders of the eyes. 

10. Arthroleptis stenodactylus Pfeffer. 

2 Amatongas. 

1 1 . Phrynobatkachus acrisoides (Cope). 

11 Amatongas; 2 Ohnrre; 14 Fambani Uiver. 

12. Phrynobatrachus natalensis (Smith). 

8 Amatongas. 


PoiiYPEDATlD.E, 
13. Chiromantis xbrampelina Peters. 

4 Obarre, 
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14. Hylambates macclatus Dum. 

1 Amatongas; 2 Gaia. 

15. Leptopeus JOHNSTONI (Boulonger). 

2 Oharre ; 8 Fambani Eiver. 

16. Kassina seneoalensis (Dum. & Bibr.). 

3 Fambani River. 

17. Meqalixalus beach ycnemis Boulengei*. 

3 Gaia ; 1 1 Fambani River. 

Some of this series sliow differences from the typical colour-pattern; the dark 
doi'sal stripe may be entirely wanting, the whole of the back then being silvery. 
What appears to be a valid differential character for the species is furnished by 
the distal subarticular tubercles of the two outer fingers, which are always double ; 
a similar condition is often, but not constantly, found in the distal tubercle of the 
fourth toe. 

18. Mbgalixalus FORNAsiNii (Bianconi). 

3 Gaia ; 3 Gharre ; 105 Fambani River. 

Gomparison of this large series with other specimens from different localities 
has revealed a considerable amount of confusion with regard to the synonymy and 
distribution of this species. Unfortunately, the most recent commentators on the 
species (Noble* and Barbour and Loveridget) have made tlie same erroneous 
assumption, viss., that the form found in the Gamerun-Gaboon-Gongo region is 
the true Megalixalvs fornasinii* 

On the basis of this assumption Noble has denied Hewitt’s statement J that 
M. apinifrona Gope (type- locality Univoti, Natal) is synonymous with M. fomaainii^ 
and has maintained the name for the form occurring in 8.E. Africa. Barbour and 
Loveridge, finding a Megalixalua in Tanganyika Territory distinct from the West 
African form, referred it to if. loveridgii Procter, and suggested that possibly all 
records of M, fornaainii from the same region should be referred to if. loveridgii. 

There is no doubt that there are two distinct species — the one occurring- in the 
Rain Forest Region and the other in the Savannah Provinces of S. and E. Africa. 
The 166 specimens in the British Museum are readily separable into two groups 
corresponding to these two regions, and, since the type-locality of fwnaainii is 
Mozambique, the East African species must receive that name and if. doraalia 
(Peters) — type-localities Boutry, Dahomey, and Victoria, Camerun — must be 
reinstated for the Rain Forest species. The two forms are distinguishable thus : — 


A. Sicm of the hack with email epines in both sexes ; snout muoh longer than the 

eye ; distance from nostril to eye at least j the diameter of the latter ; dark 

lateral streaks never in contact with the mid-dorsal stripe M, fomaginii, 

B. Skin usually smooth, spines on the back only being found in breeding males ; 

snont not longer than the eye ; distance from nostril to eye less than } the 
diameter of the latter ; dark lateral bands usually in contact with the mid- 
dorsal stripe on the sacral region M, dorsalis. 


The differences in the degree of spinosity and colour are exactly those which 
Noble has used to distinguish his so-called/omasm« {^doraalia) from M, apinifroua 
Gope, and since the latter not only agrees in morphological’ cliai’acters with 
fornaainii^ but also occurs within the range of that species, it is probable that 
Hewitt is correct in placing it in the synonymy. 

« Bull. Am. Hub. Nat. HUt. xlix. (2) 1924, p. 274. 
t Mem. Mub. Comp. ZooL Harvard, 1. <2) 1928, p. 227, 

; Aim. Natal Mus. iL (4) 1913, p, 478, 
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The status of M. loveridgii also appears doubtful, but it is probable that it will 
be found to be not more than a local race of formmniu Barbour and Loveridge, 
in the very large series which they hare reported upon {loc* cit.\ find great 
variation in colour-pattern, their series showing all gradations from a uniformly 
coloured upper surface to the development of a well-defined dorsal, with 
indistinct lateral sti-ipes. The majority of the present large series from Fambani 
liiver have three well-marked stripes as in typical fm'nasiniij but some have the 
lateral ones much less distinct than the dorsal, and in a few they are entirely 
absent; where this occurs the dorsal is only faintly indicated. Other specimens, 
again, in the British Museum, from Ngatana, Kenya, and Dodoma, Tanganyika 
Territory, have (piite distinct lateral but no mid -dorsal stripes. Tims it appears 
that, as regards col our- pattern, loveridgii grades insensibly into foma 9 inii\ the 
only other character which might distinguish loveridgii is the degree of webbing 
of the fingers. In the series of fornasinii examined, as in Barbour and Loveridge’s 
collection, there is some variation in this respect, but no specimens appear to have 
quite as much as the type of loveridgii* The fingers of this latter specimen have, 
how’ever, been drnwn apart to their utmost extent, and retained there during 
fixation, and it is highly probable that this treatment has actually stretched the 
webbing and so produced a much exaggerated condition. 

The synonymies and distributions of the two species, disregarding any local 
races which msy be found to exist, will accordingly be: — 

A. Megalixalus fornasinii (Bianconi). 

Plucnemis fornasinii Bianconi, Spec. Zool, Mozambique, Kept. fasc. 2, p. 23, 
pi. V. fig. 1 (1S50). 

IMppiafoniasinii Gunther, Proc. Zool. Soc. London, 1868, p. 479. 

Megaluvahcs fornasinii Boulenger, Cat. Batr. Sal. B.M, ii, p, 130 (1882) 
(part); Peters, Keisc Nach Mossambique, iii. 1882, p. 160, pi, xxiv. fig, 2, pi. xxvi. 
lig. 6; J'feffer, Jahrl>. Hamburg Wiss, Anst. vi. 2, 1889, p. 10; Boulenger, Ann. 
Mag. Nat. Hist. (0) vi. 1890, p, 93; Muller, Verb. Natf, Ges. Basel, viii. 1890, 
p. 257; Boulenger, Proc. Zool. Soc. London, 1891, p. 308; Boettger, Kat. Batr. 
Mus. Senck. p. 21 (1892); Pfefier, op, cit, x. 1893, p. 99; Gunther, op, cit. 1894, 
p. 88; Bocage, Join. Sci. Lisbon (2), iv. 1896, p. 101; Tornier, Kriechthiere 
Deutsch-Ost-Afr. p. 156 (1896); Gunther, 07?. cit. 1897, p. 801; Johnston, 
British Central Africa, ed. i. p. 361a (1897); lornier, Arch. Xaturg. Ixiii. i. 
1897, p. 66; Mocquard, Bull. Mus. Nat. Hist. Paris, v. 1899, p. 210; Boulenger, 
Proc. Zool. Soc. London, 1900 (2), p. 445 (part) ; Nickel, Helios, xviii. 1901, p. 72 ; 
Mocquard in Fo&, Bes. Sci. Voy. Afr. Foa, p. 558 (1908) ; Boulenger, Ann. S. Afr. 
Mus. V. 1910, p. 531 (part) ; Lfinnberg in Sjdstedt, Kilimandjara-Meru Exp. i. (4) 
p. 25 (1910); Hewitt, Rec. Alb. Mus. ii. 1911, p. 224; Boettger in Voeltzkow, 
Reise in Ost-Afr. iii, p. 346 (1913); Hewitt, Ann. Nat. Mus. ii, 1913, p. 479; 
Nieden, Mitt. Zool. Mus. Berlin, vii, 1915, p. 372 (pai*t); Noble, Bull. Am. Mus, 
Nat. Hist. xlix. 1924, p. 274 (part). 

Hyperolim hivittatus Peters, Arch. f. Naturg. 1855, p. 56. 

Megalixalus spinifrons Cope, Proc. Ac. Philad. 1862, p. 342 ; Bouldnger, Cat. 
Batr. Sal. B.M. (2) p. 130 (1882); Hewitt, Rec. Albany Mus. ii. (4) 1912, p. 280. 

Megalixalus fornasinii var. unicolor Boettger in Yoeltzkow, Reise in Ost- Afrika 
iii. p. 349 (1913). 

Megalixalus loveridgii Procter, Proc. Zool. Soc. London, 1920, p. 418; Rept. 
Add. Men. Zool. Soc. London, 1927, p. 9; Barbour k Loveridge, Mem. Mus. 
Comp. Zool. Harvard, 1. (2) 1928, p. 227. 

Typedocdlity, — Mozambique. 

l)iMtrihu%iim, — Kenya, Pemba, Zanzibar, Tanganyika Territory, Portuguese 
E. Africa, Nyasaland, Natal, and Cape Province, S. Africa. 
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Specimens 0;iraminee2.— Ngatana (1), Zanzibar (2), Dodoma (1), Morogoro (1), 
Mozambique (2), Oaia, Port. E. Africa (3), Oharre, Port. E. Africa (3), Fambani 
River (105^, Delagoa Bay (1), “Zambesi” (4), Nyika Plateau, Shire Valley, 
Chiromo, and “Kondowe to Karonga,” Nyasaland (21). 

B. Megalixalus noRSALis (Peters). 

Uyperolius dorsalis (Sclileg.) Petei-s, Mon. Beilin Ak. 1875, p. 206, pi. i. fig. 2. 

Megalixalus fomasinii (non Bianconi) Boulenger, Cat. Batr. Sal. B.M. (2) 
p. 130 (1882) (part); Werner, Verb, zool.-bot. Oes. Wien, xlviii. 1898, p. 195; 
Boulenger, Proc. Zool. Soc. London, 1900, ii. p. 445 (part); Andersson, Ark. Zool. 
Stockholm, ii. (20) 1906, p. 18 ; Boulenger, Ann. Mus. Genova, (3)ii. 1906 (1906), 
p. 166 ; Andersson, Jnhrb. Nassau. Yer. Naturk. lx. 1907, p. 238, figs. 1-3 ; Nieden, 
Mitt. Zool. Mus. Berlin, iii. 1908, p. 504; Boulenger, Ann. S. Afr. Mus. v. 1910, 
p. 631 (part); Miiller, Abb. Bayer. Ak. Wiss. 2 Kl. xxiv, 1910, p. 625; Nieden, 
Fauna Deutsch Kolon. (1) 2, 1910, p. 58, figs. 121-123; Barbour, Bull. Mus. 
Comp. Zool. Harvard, liv. (2) 1911. p. 134 ; Lainpe, Jahrb. Nassau. Yer. Naturk. 
Ixiv. 1911, p. 216; Chabanaud, Bull. Mus. Nat. Hist. Paris, 1919, p. 457; Bull. 
Com. Et. Hist. Sci. A.O.F. 1921, p. 459; Noble, Bull. Am. Mus. Nat. Hist. xlix. 
1924, p. 274 (part), pi. xli. fig. 1. 

Megalixalus schncideri Boettger, Ber. Senck. Ges. 1889, p. 276. 

Type-localities, — Boutry, Dahomey, and Victoria, Camerun. 

Distribution, — French Guinea, Liberia, Gold Coast, Ashanti, Dahomey, Fernando 
Po, Camerun, Gaboon, French Congo. Belgian Congo, Uganda. 

Specimens examined : — Gold Coast (1), Ashanti (3), Fernando Po (2), Camerun 
(10), Gaboon (1), French Congo (7), Uganda (1 ). 

19. Hypkrolius CONCOLOR (Hallowell). 

1 Caia ; 4 Charre. 

20. Hyferolius mabmobatus Rapp. 

3 Charre; 10 Fambani River. 

21. Hyperoliub bayoki (Boulenger). 

1 Charre; 102 Fambani River. 

This large series agrees perfectly in morphological cbaracteis and general 
habits with typical specimens of the species. The colour-pattern, too, is similar, 
but many specimens, in addition to the lateral and mid-dorsal dark stripes, have a 
dorso-lateral streak, more distinct posteriorly than anteriorly, which is not 
indicated in the type series ; when this is present, the median stripe, faint in 
typical specimens, is very strongly marked. Although the species has not hitherto 
been recorded south of Kenya, at least under this name, the Zambesi and Kenya 
frogs are probably conspecific. 

22. Hyferolius arqus Peters. (PI. I. figs. 2-8.) 

8 Caia; 86 Fambani. 

This large series sho^^s great uniformity in all morphological characters, but is 
subdivisible into two extraordinarily difi^erent colour varieties. These two groups 
are as follow's : — 

(i.) 27 specimens, with the typical argus colour-pattern of a pink, black -bordered 
oanthal streak which extends on to and includes the upper eyelid and a greater or 
less number of large similarly-coloured ocelli irregularly scatter^ on the^back and 
flanks ; ground-colour whitish to pale brown. (In life the colour is pale brown to 
chocolate or purple with bright orange or yelJowlsli, Mack-bordered ocelli and 
canthal streaks.) (PL L figs. 7 8.) 
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The largest specimen measures 32 mm, and the smallest 20 mm. ; all are adidt 
females with well-developed ovaries. 

(ii.) 62 specimens, pale straw-coloured or whitish above, with a dusky canthal 
streak, sometimes a little black stippling or a few small black dots on the back 
and a more or less distinct narrow silvery line from the posterior corner of the eye 
to the groin ; occasionally this stripe bordei'S the edge of the eyelid and extends 
forwards along the canthus rostralis. (In life the upper surfaces are pale green 
and the lateral line golden.) (PI. I. figs. 2 k 3.) 

Of this series 30 ai*e more or less adult malee with vocal sacs ; the larger have 
these sacs fully developed, with a large external adhesive disc^' beneath the 
throat, and the smaller, though without any external evidence of the sacs, have the 
openings visible on the fioor of the mouth. Largest 28 mm., smallest 20 mm. 

The remaining 32 prove, on dissection, to be immature, with the sexes equally 
represented ; 16 are males, with the invagination of the vocal sacs scarcely, or not, 
begun, and a similar number are females, with very immature ovaries and very 
small oviducts. The largest measures 22 mm. and tlie smallest 14. 

In addition there are five specimens, from 19 to 23 inm. long, which show 
transitional stages between the two colourings. Proceeding from the second t^pe 
described above, the first stage is the reduction of the silvery lateral line and the 
appearance of some irregular dusky patches on the back. At the same time the 
dark canthal streak broatlens, and then a centrifugal movement of the black pigment 
occurs dll both the dorsal spots and the canthal streak. At first the ocelli thus 
produced are bordered only by an indefinite dotted line, and the central area is of 
the same general colour as the rest of the dorsum. Finally, however, the pink or 
orange pigment appears, the, dark margins become more definite, and the typical 
coloration of the iiivt type is produced. (PI. I. figs. 4-6.) 

There is only one possible explanation of these facts, viz., IJypet'ollus argue 
exhibits a marked sexual diciiromatism, the males retaining tlie juvenile colour- 
pattern and females assuming a distinctive livery at the onset of sexual maturit}', 
which is reached at a length of about 19-23 mm. The series of specimens 
examined is too large to admit of any possibility of coincidence, and, moreover, the 
relative numbers of the sexes are normal. In brief, the analysis of the 
collection is : — 

Maltm, Females. 

30 adults ; colouringr (uO* Lengths, 20-28 mm. 27 adults ; colouring (i.). Lengths, 20-32 mm. 

5 adolescents ; colour intermediate between 
(i.) and (ii.). Lengths, 19-23 mm. 

16 juTenilos; colouring (ii.). Lengths, 14- 16 juveniles; colouring (ii,). Lengths, 14- 

22 mm. 22 mm. 

This discovery raises some complications with regard to the synonymy of the 
species. In the firat place it is almost certain that the males and juveniles have 
been hitherto regai’ded as a species distinct from the females. In the present 
unsatisfactory condition of the genus, however, it is almost impossible to be suie 
of the coiTect status of any species without seeing typical or topotypical material. 
Nevertheless it seems possible that Hyperoliue pueillm (Cope), originally described 
from Natal (which is within the range of H. argue), was based on a male of H. argue. 
The very brief description agrees quite well with a male of this species, particularly 
as regards size, colour, and the condition of the vocal sacs ; no mention is made of 
the silvery dorso 'lateral line, but this is often quite inconspicuous. 

More recently Barbour and Loveridge * have described a large series of frogs 
from the Uluguru Mountains ns Hyperoliue argue, but this series exhibits no sexual 


* Tom, cU, p. 222. 
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dichromatism, and the colour-pattern of the adult it derived in quite a dififerent 
way from that described above. Thanks to Dr. Barbour’s courtesy, I have been 
able to examine a series of these Uluguru frogs (10) and also a series of Hyperoliua 
pnmticidoU'M (Pfeffer) from Amani and Phillipshof. There is no doubt that the 
Uluguru argue ” is not conspecific with the frog here recorded under the same 
name, and the present determination appears to be the correct one. The series 
from Tanganyika Territory, as Barbour and Loveridge have pointed out, differs 
from the description of tlie species in the possession of a slightly longer snout and 
in having the light, b1ack>edged marking in the form of a streak, from the nostril, 
above the eye, toward the groin, and contined to the anterior half of the body ; any 
ocellar spots are in the position of a continuation of this streak, and are never 
scattered over tiie dorsum. The present series, however, has constantly a shorter 
snout (orbital diameter longer than distance from eye to nostril, and usually about 
as long as the snout ), there are always ocelli on the dorsum (as figured by Peters), 
and the toes are more fully webbed. Comparison shows that the morphological 
features of the Uluguru series are those of II, puncticvlatua Pfefier, and in view of 
the “ intermediates ” recorded from Phillipshof * it seems probable that they ought 
to be regarded as a colour variety or a local race of that species. 

23. Hyperolius mossambicus, sp. n. (PI. I. fig. 1.) 

Holotype a d » 1929.12.20.312 in the British Museum, from Fambani 
Biver, Mozambique. 

Head as long as broad ; snout vertically truncate, not pi-ominent, a little longer 
than the diameter of the eye ; canthus jostralis rounded ; loreal region nearly 
vertical ; nostril much nearer the tip of the snout than the eye ; interorbital space 
twice as broad ns the upper eyelid ; tyinpjinum hidden. Digital dilatations small, 
the largest not. more than once and a half as broad as the penultimate phalanx. 
Fingers with merely a rudiment of web, the lir.st shorter tlian the second, which 
is shorter than the fourth. Toes about J-webbed, two phalanges of the three 
inner, three of the fourth, and one of the fiftli free ; fifth a little longer than the 
third. Subarticular tubercles well developed ; a small inner, but no outer, metatarsal 
tuberele. Tibio-taisal articulation reaching sliglitly beyond the anterior corner of 
the eye. Skin smooth above, granular beneath, more pronouncedly so posteriorly. 

Pale brown above, with darker markings and dots. A narrow dark streak from 
the nostril to the eye, continued rather indistinctly behind from the posterior 
corner of the eye towai'ds the groin ; a large dorsal marking commencing between 
the eyes, where it connects the upper eyelids, narrowing on the nape, broadening 
abruptly to its original width, and then bifurcating; the branches taper ngularly 
and extend onto the sacral prominences. Remainder of the back and limbs 
irregularly stippled with darker. Lower surfaces uniformly white. 

A large subgular vocal sac, with a median subgular disc. 

Length from snout to vent 24 mm. Hind limb 38 mm. 

The three paratypes, nos. 1929.12.20.309-311 in the British Museum, 
from the type-locality, are essentially similar to the preceding. The general 
coloration has a greenish tinge, and in one the fifth toe is equal to the third. 

This species differs from the majority of the species of Hyperoliua in the 
reduced amount of webbing between the fingers and toes. This character distin- 
guishes it from H, cinctivenlria Cope and II, aymmefricua (Moequard), which have a 
similar colour-pattern, but its nearest relative appears to be H, gramilaiua 
(Boulanger), with which it agrees not only in the amount of digital webbing, but 
also in its short truncate snout and the position of the nostrils close to the tip of the 
latter. It is readily distinguish^, however, by the completely smooth skin of the 
upper surfaces and the totally different colour- pattern. 

* Barbour and Loveridge, tom, dt p. 220, 
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24. Htperolius miorops Gunther. 

4 Fambani River. 

Bufonidas. 

25. Bufo reoularis reoularis Reus. 

2 Amatongas ; 2 Gain ; 2 Gharre ; 2 Fatnbani River. 

P I p I D jE. 


26. Xenopus LiBVis (Daudin). 

4 Amatongas. 

27. Xenopus mOlleri (Peters). 

3 Amatongas ; 3 Fambani River. 

In addition to the length of the tentacle and the prominence of the metatarsal 
tubercle, which are usually used to distinguish the latter two species, it may be 
noted that the vomerine teeth and the coloration also seem to provide good 
differential characters, thus:— 

(i.) Vomerine teeth absent ; dark grey above, sometimeB mottled but not spotted ; 


white beneath, the thighs only shghtly stippled with brown 

(ii.) Vomeriiie teeth present ; more or less distinct, insnliform, dark spots arranged 
in irregular longitudinal series above ; lower surfaces more or less heavily 
stippled and spotted with blacldsh X, mullen» 


Brbvicipitidje. 

28. Hemisus marmoratum (Peters). 

2 Gharre ; 6 Fambani River. 

29. Brevigeps MossAMDiGUS PeteiB. 

2 Gharre. 


EXPLAKATION OF THE PLATE. 

Fig. 1. Hyperolius mostambicust sp. n. 

Figs. 2 A 3. Hyperoliua argtu Peters, adult males. 

4, 5, A 6. HyperoUu$ argtis Peters, immature females showing stages in the development 
of the adult coloration, 

7 A 8. Hyperolitu argu$ Peters, adult females. 



3 . 
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*42. Tlie Attachments of the llrodele Rib to the Vertebra, and their 
Homologies with tlie Capitulum and Tuberculain of the Amniote 
Rib. % Peter Gray, B.Sc., A.R.C.S.^ 

(From fho Zoological Research Laboratory, Imperial College of Science.) 

[Received May 20, 1930 : Read October 21, 1930.] 

(Plate I.t* ; Text-figures 1 & 2.) 

The exact points of insertion of the iirodele rib appears to have given rise to a 
good deal of confusion. Though tlie result of this confusion pertains only to the 
rib, the cause involves also the lateral process, a bifid structure to who.se terminal 
ends the dorsal and ventral roots of the ribare u^nalJy supposed to be “articulated.” 
Tliis word is advisedly placed betwt^en (jiiotation marks for reasons which will 
become apparent in the course of tiiis paper. 

It is not the intention of the present writer to enter into a lengthy discussion 
of the historical side of the question, for such a disciis.sion is to be found in the 
work of Mayerhofer; a brief analysisof the situation as left by this worker, however, 
wouhl not he out of place. Both Mayerhofer and Go[>pert regarded the primitive 
type of urodele lateral process as having tw’o connections with the vertebra. The 
dorsal connection was natuially to the lateral portion of the neural aicli, but the 
ventral was to the side of the chorda ; such a condition is well shown by Goppert s 
figure of the young Neciurm larva. This, however, was only the most primitive 
type ; passing on \o Salamandra^vi^ find that the latei*al j)rocess is now^ regarded as 
having both a dorsal and ventral attachment to the neural arch, while the previous 
connection to the chorda remains, in die neugeboi ene larve” as “ ein letztei 
knorpeliger Rest.*’ We are here given, then, the primith'e and advanced stages of 
an evolutionary scries w hose intermediate sttiges are unfortunately ignored ; 
“ unfortunately,” since they are singularity difiiciilt to comprehend. Leaving aside 
any question of proliability, we may, on the existing data, postulate two lines of 
evolution : — 

i. That the ventral attachment of the lateral process became reinforced by a 

dorsally directed attachment to the neuial arch, giving a condition in 
which the lateral process had three points of attachment ; of these three 
the primitive attachment to the chorda degenerated. 

ii. That the ventral attachment to the chorda gradually passed round and up 

on to the neural arch. 

This later suggestion appears fairly simple, provided that we totally ignore the 
existence of both the vertebral ai’tery and the vertebral vein. Both these, in 
yeciurua^ lie enclosed l>etween the dorsal and ventral attachments of the lateral 
process, while in Salamandra they lie veiitrally to both attachments. If, therefore, 
we are to believe that the ventral attachment to the chorda passed up on to the 
neural arch, we must also believe that in so doing it jmssed through the vertebral 
blood-ve8sels~-a morphological impossibility. 

Before proceeiliug to a consideration of the first (singularly improbable) line of 
evolution suggested alxvve, it would be as >vell to consider the condition in a 
previously almost ignored urodele — Triton vuLgans, 

* Communicated by Prof. £. W. MacBbu>x, F.R.S., F.Z.S. 
t For exiiUiiatiotL of the Plate, see p. 911. 
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Text-figure 1. 



Series of dia^ams representing the sucoessiTe conditions of the ribs and lateral process in TriUm 
vulgaris. A> C, and D correspond respectiyely to the conditions shown in PI. I. figs 1 2 
and 3. 

C. Chorda. C.T. Chondrified tip of rib rudiment. L.P. Lateral process. N.A. Neural arch. 
E.E. Eib rudiment. X. Connective-tissue connection between ventral root of rib and 
lateral process. 
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SUige 1 . 

This stage, of which one vertebra is shown in the reconstraction on PI. L fig. 1, 
is about half-way between hatching and metamorphosis. The lateral process is 
i^epresented by two small agglomerations of cartilage cells lying against the side of 
the neural arch. The rib is at this stage still a collection of mesenchyme cells 
lying in the sheet of connective tissue between the two myotomes. In support of 
Mayerhofer’s contention that chondrification emanates from the distal end of the rib 
inwards, we find that a small number of cells from the extreme tip of the elongate 
agglomeration are becoming swollen and hyaline. 

A diagrammatic representation of the condition at this stage is shown at A 
(text-fig. 1). It should be especially noticed that the ventral rudiment of the 
developing lateral process has, as yet, no connection with the connective-tissue 
rudiment of the ventral head of the rib, 

Stage 2 . 

G'his stage, one vertebra from which is represented on PI. I. fig. 2, is 
approximately a fortnight before metamorphosis. The lateral process is now well 
developed, and consists of a cartilaginous mass inserted upon the lateral surface of 
the neural arch. The latero-dorsal point of this cartilaginous mass is continued 
backwards and outwards as the dorsal branch (IXB.) of the developing rib ; there 
is no sign whatever of any form of “ articulation between the rib and the lateral 
process, which are apparently one sold cartilaginous mass. The latero-ventrol 
point of tlie lateral process is not, however, fused to the ventral branch (V.B.) of 
the developing rib ; the two pieces of (blue) cartilage are connected (at X) by 
(yellow) connective tissue, but there is no fusion whatever of the cartilaginous 
elements. The most anterior (proximal) end of the rib is definitely anterior to the 
lateral process, and is prolonged as a sheet of connective tissue (yellow), \i bich is 
inserted upon the dorso-lateral surface of the chorda. The vertebral artery (red) 
runs between the ventrnlmost point of insertion of the lateral process and the 
attachment of the connective-tissue prolongation from the low'er branch of the rib 
to the chorda. 

This state of aftairs is dingrammaiically .summed up in C ” (text-fig. 1). Now 
it seems to the writer quite impossible to regard the point X as the insertion of the 
rib, since this latter quite deJinitely projects beyond the lateral process. Neither 
can, at this stage, the chordal oonnective-tis.sue junction be regarded as a true 
insertion, since there is no definite socket yet developed. Let us now examine a 
post-inetamorphic condition . 

Hfage 3. 

'I'he vertebra represented in PL I. fig. 3 is from a newt about one month after 
metamorphosis. The lateial process is in very much the same condition that it was 
in the last stage investigated, save that it is now rapidly becoming ossified . The 
dorsal branch of the lib is beginning to show signs of an articulation at the point 
indicate<l in the figure. The ventral branch of the rib has increased in length still 
further beyond the ventral most edge of the lateral process, to which it is still 
attached by a sheet of connective tissue (yellow), both the cartilaginous masses, as 
well as the connective* tissue junction, showing signs of ossification, A camera 
lucida drawing of a section of this region is represented in text-fig. 2, in which 
the connective- tissue junction X betw^een the lateral process (L.P.} and the ventral 
rib branch (V.B.) is clearly apparent. Eeturning to the reconstruction, we see 
that the most anterior point of the ventral branch of the rib is firmly joined to the 
chorda by a link of connective tissue, rapidly becoming ossified. The beginnings of 
an. articulation are becoming ajpparent upon the rib, just before the beginning 
of the connective tissue with the lateral process. 
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1 D Shows this Stage reduced to a theoretical diagram, with ^e aid of 
whichl; msy to a discLion of the exact points of attachment of the nb. 


Discussion. 

Xn tliis relation we must return for one moment to the hypothMis which we 
\ 4- ;nAil in tliG introduction from previously published material. Ihis hypothesis 
^eff^t to' regard il connection of the ventnrl rib head 


Text-figure 2. 



Camera luoida drawing of one of the eeotione from which PI. I. fig. 8 wa. reooMtru^ to 
show the independence of the cartilage maneee forming the lateral prooem and ventral nb 

L.P. P»oe«- V.'B. Ventral root of rlh. X. ConneotiTe-tUene (OMWed) connection 

between the two. 


to the chorda in the young Salamander as a remnant, we must regarf the 
l^nnwtion to the ktoral proLs as an evolved structure of pnmaiy importonce. 
Tn the light of Triton such a hypothesis becomes even more imi^toble than 
Woi • fff here we fl^ that in the young larva there ie no twee of the Aor^ 
(wnnectton, hvt that this conneistiop later develops and finally becomes ossified— 
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hardly the behaviour of a degenerating remnant. Surely it is more probable that 
the connection to the chorda is of fundamental importance, while the ventral 
connection to the lateral process is a secondarily deiived structure ? Necturiia, 
seen in this light, still remains the primitive type ; but we are left at a loss to 
explain the lateral process “ articulation ” of the ventral rib in SaUmandra. Yet 
we may be permitted to question whether or not such an articulation ’’ actually 
exists. An examination of the adult vertebra of Triton would certainly leave one 
with the impression that the ventral articulation of the rib was with the lateral 
process. It is only when we examine a developmental stage that we find the clear 
line of demarcation existing between ventml rib and lateral proeess ; it is only in 
this stage, in fact, that we realise the true insertion of the articulated portion of the 
rib to be on the chorda. Leaving aside any question of “ articulations,'^ we may 
siy that the dorsal and ventral roots of the rib abut on the lateral process and 
chorda respectively ; the articulations are formed later, and their position along 
the course of the ur^ele rib is no indication whatever of the homologies of the rib 
attachments. 

If once we accept this interpretation of the attachments of the urodele rib, 
there remains no difficulties in the way of correlating such a rib with the amniote 
type. What Ims been referred to throughout as the ventral root of the rib 
becomes, under amniote terminology, the capitulum, while the dorsal rib root 
becomes the tuberculiim. In fact, the acceptance of the interpretation given in 
this paper permits not only of the correlation of one urodele rib type with another, 
but also the correlation of a fundamental urodele type with the corresponding 
amniote structure. 

In conclusion, I would wish to express my gratitude to Professor E.W. MacBride, 
F.R.S., not only for the great assistance which he has given me in the preparation 
of this paper, but also for the original suggestion that it should be commenced. 
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EXPLANATION OF THE PLATE. 

Plate I. 

Fig. 1. Graphic reooiietruction from transverse sections of one vertebra from a larva of Triton 
vulgaris^ aged about six Mreeks. 

2. Graphic reconstruction from transverse sections of one vertebra of a larva of Triton 

vulgaris, aged about ten weeks. 

3. Graphic reconstruction from transverse sections of one vertebra from a young specimen 

of Triton ridgaris^ killed about one month after the completion of metamorphosis. 

D.B. Dorsal root of rib. L.P. Lateral process. V.B. Ventral root of rib. X. Line of 
demarcation between ventral root of rib and lateral process. 

(All three reconstruotionB have the uniform magnification of 70.) 


Colour indicatiom : - 

Bed VertebnU-artery. 

Blue ... Cartilage. 
Yellow... ConneotiTe tissue. 
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43. Report on the Hydnicarina. Mr. Omor-Oooper’s Investigation of the 
Abyssinian Fresh Waters (Dr. Hugh Scott^s Expedition). By Dr, 
(). Walter 

(From the Zoologrioal Department, Uniyersity of BaseL) 

[Beoeived February 4, 1930 : Bead October 21, 1930.] 

(Text-figures 1-18.) 

Introduction. 

The collection of Hydracavina flescribed below was submitted to me for 
exaiiiinatioii through the kindness of Mr. J. Oiner-Oooper, who collected them 
during the 8cott Omei-Cooper expedition to the Abyssinian Plateau. Amongst 
the chief objects of this expedition were the study of the fauna in relation to the 
conditions of isolation existing in the region, and an attempt to trace the origin 
of the various components of the fauna and to arrive at some idea as to the extent 
to which tropical forms, migrating into temperate regions, have become modified in 
the new habitat. This collection of Hydracarina, the first made in Abyssinia, can, 
unfortunately, add little to the solution of these problems. It comprises but seven 
species, of which five are new, and no doubt represents but a small proportion of 
the Hydracarina fauna of the country as a whole. Moreover, so far as this group 
of animals is concerned, the environs of the Abyssinian highlands must be 
regai*ded as practically unknown. The water-mite fauna of the high-lying regions 
of East Africa has been so little explored that only that of the Mount Elgon region 
(Lundblad, 1927) is sufficiently well known to be available for comparison. The 
Mount Elgon species are, however, chiefiy torrenti coles, whilst, on the other hand, 
those from Abyssinia are all stagnant- water forms, so that no value attaches to such 
a comparison. 

The Hydracarina in this collection were all obtained from four localities, as 
follows : — 

1. Djem Djem Forest, pond no. 2; 26th Sept., 1926; altitude, 8100 ft. 
A small, semi-permanent pond having no outflow. 

Pimm angvkUa Viets, 8 $ $ . 

Arrhenurus procerus, sp. n., 2 ? ^ . 

ArrhenurfiS iniquvs, sp. n., 10 $ $ . 

2. Woummboulcbi, Serpent Lake and the surrounding marshes; 2nd-5th 
October, 1926 ; altitude, 9000 ft. This is the source of one of the affluents of the 
Blue Nile. 

ffydmrwJtna eldoretiou Lundblad, 1 nymph, 

Idmnesia rugosa, sp. n,, 62 ? $ , 1 nymph. 

Pima ermsij^, sp. n., 15 d <f » 21 , 28 nymphs. 

Airrhenwrus iniquus, sp. n., 1 ? . 

* Tiaiii^ted and oonmumioated by OxxR-CoorxB, MJL, F.I 1 .S., G Jd.Z.S. 

Paoo% ZooL. Soc.— 19S0| No. LiX* ' 59 
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3. Lakes of Addas, Hoi’a Bishoftu, 2nd Dec., 1926 ; altitude, circa 7600 ft. 
A small crater-lake, slightly saline, and having no outflow. 

Hydrarachna spinosa Koenike, var. subtilia var. n., 21 <5 cf , 20 $ ? , 
3 nymphs. 

4. Lakes of Addas, Hora Harsadi; 2nd Dec., 1926; altitude, circa 7500 ft. 
A small crater-lake, slightly saline, and having no outflow. 

Hydrarachna apinoaa Koenike, var. subtilia var. n., 7 cf cf , 5 5 $ . 

The distribution of the species in Abyssinia is shown in the following table : — 



Djem Djem 

Forest, Pond no. 2, 

8100 ft. 

W ourambonlchi, 
Serpent Lake and 
Marshes. 9000 ft. 

■SSiji 

|§i 

Lakes of Addas, 
Hora Harsadi, 

7600 ft. i 

1 

H 

Hydrarachna eldoretica 



1 

— 

H 

1 

„ spinoea var. euhtilis .. 

— 

— 

44 

H9 

56 

Limneeia mgoea 

— 

63 

— 

mm 

63 

PioiM crasaipes 

— 

64 

— 

mSM 

64 

„ angtdata 

8 


— 


8 

Arrhentirtia procerus 

2 


— 

19 

2 

„ iniquue 

10 

1 

— 

H 

11 

Indiyidoals. Total... 

20 

129 

44 

12 

205 


Such slight information naturally admits of neither biological nor faunistic 
conclusions. It only shows that Limneaia rugoaa and Fiona craaaipea are probably 
the commonest species in the Serpent Lfike, and that in Horn Bishoftu and Hora 
Harsadi, where the salinity of the waters is considerable, only one species seems 
capable of existing. Hydrarachna apinoaa var. auhtilia was the only form obtained, 
and was taken from both these lakes in relatively large numbers, and must, 
therefore, be a species adapted to the conditions of alkaline salinity found there. 

For the moment the geographicjil difiusion of the following species is limited to 
the Abyssinian Plateau : — 

Limneaia riigoaa^ sp. n. 

Fiona craaaipea^ sp. n. 

Arrhenurua procerus, sp, n. 

Arrhenuraa iniquua, sp. n. 

The three remaining species are found in other parts of Africa as follows : 

Hydrarachna eldoretica Lundblad ; was found in a small lake at an altitude of 
2-3000 m. on the plateau north of Eldoret in the Mt. Elgon region (LundUad, 1927), 

Hydrarachna apinoaa Koenike : the typical form was described by Koenike 
(1893) from a marsh at Mnthew’S, in Zanzibar. The auhtilia variety I liave recently 
found in collections from the Sahara. 

Fiona angtdata Yiets, 1921 : is the .most widely distributed species, having a 
wide horizontal spread and also a considerable vertical distribution. Yiets, 1921, 
reports it from a small freshwater lake at the Elanairobi crater in the Weat 
Masai Steppe; and: in a mud sample from Oalago Ijake^ noH^-w^st of Ruanda. 
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Lundblad, 1927, records it in large numbers from the same locality as Hydraraohva 
eldoreticaj and also in a small crater-lake on the summit of Mt. Elgon at an altitirlo 
of 4200 m. This species may therefore be considered a typical oury thermic form. 


Description of the Species. 

Hydrarachna spinosa Koenike, var. subtilis var. n. 

Localites. — Addas, Hora Bishoftu, circa 7500 ft., 2nd Dec., 21 d* , 20 J , 3 nymphs; 
Addas, Hora Tlarsadi, circa 7600 ft., 2nd Dec., 7 d , 5 J . 

lieniarks , — This new variety is so close to the type of II, apbioBa Ko^. that at 
first it was believed that the Abyssinian and East African forms were identical. 
Koenike, 1893, p. 43, based his description upon a single male specimen, apd 
although his account is somewhat defective, omitting several important diagnostic 
characters, the Abyssinian material is enough to show that definite and stable 
variations exist suflBicient to justify their separation from the type as a named 
variety. 

Description. 

Male . — Size of body reaches 2*7 mm. (i. e. a little larger than the type) ; 
contours rounded ; colour red. The skin is densely covered with short thorn-like 
papillae, some of which have have a short, sliarp, backward ly-directed apex. Tlie 
anterior dorsum has a small, round, chitinous plate, for the attachment of muscles, 
at a disbauce of 660 from each double eye ; anterior to the edge of this* plate are 
two setes (text-fig. 1). Koenike does not mention these structures in biadescription 

Text-figure 1. 

® r . 


r f 

Hydrarachna spinosa Koenike, var. siibtilis var, n., d* 
Dortsal surface showing eyes and seta, etc. 


of the type-foi*m. The double eyes He at a distance of about 400 ft apart and are 
smaller than in the East African form, having a diameter of only 15G /«. There is 
a seta behind each eye capsule and one near to its median edge. The median eye 
is in the centre of a chitinous ring surrounded by soft skin. 

Capitulom ; 965 p in lengthy with t)i? rostrum curved downwards. 

69 * 
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Mandible: 945 /a in length, shorter than in the type; the sharp-pointed 
anterior region bears a row of short blunt teetli flattened at the top. 

Palp (text-fig. 2) ; in every case the palps are longer than in the type, where 
they do not project beyond the extremity of the I'ostriini, whereas in this form 


Text-figure 2. 


Text -figure 3. 




Eydrarachna spinosa Koenike, yar. Uydrarctchna spinoaa Koenike, yar. ^uhtilis yar. n., cf • 
auhtiUs yar. n., (j* . Palp. Epimera and genital area. 


both the end-organs and part of the third segment project. The appearance and 
armature of the segments, which are not described by Koenike for the type, are 
seen in text-fig. 2. 

The measurements of the segments are as follows : — 


Segment ... 1 2 3 4 5 

Length 195 /i 210^ 260 120 ju 45^ 

Height 250 ii (max.) 165/i(proz.) 95f«(diBt.) 85f«(max.) 60 /i 


Epimera (text- fig. 3) : 900 fi long and 1860 ^ broad ; strongly resembling those 
of the type-form except that the 4th plate has a subcutaneous prolongation of the 
posterior median angle. 

Legs: anterior, 1185 /a in length; posterior, 2205 /a in length. The anterior 
legs are not particularly short, ns they are in the form described by Koenike. 

Genital area (text-fig. 3) : is considerably longer than it is broad (length 600 a 
breadth 525 yx) and somewhat smaller than in the type. The plates are narrowly 
separated anteriorly for a distance of 250 /a-— the East African form has an angular 
notch only. As in the type, both the plates are covered with ocetabula, of which 
about half have a short fine hair inserted in the centre of the pore. There are 
somewhat longer hairs, very dense on the sides of the genital sulcus, which are not 
siuTounded by acetabula. The genital sulcus has a length of about ISO/i., 

Anus: nearer to the genital plate than in the type-form, the distance being 
only 150 ft, whereas in the type it is 200 /a. It is surrounded by a ring of ehitin * 
Female.— A little larger than the male and with the same dermaf obaraoters 
except that the sharp-pointed papillm are more developed, ’ 
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Mandibles: 2 mm. in length. 

Palp : the length of the segments is as follows: — 

Segmont ... 1 2 3 4 5 

Lenirtb 240 255 ft 810 /i 125 m 55 m 

Epimera : similar to those of the male. 

Genital area (text* tig. 4): smaller than in the male (length 330 /i, breadth 375 /a). 


Text-figure 4. 




Hydrarachna spinoaa Koenike, rar. iubttlis var. n., $ . Genital area. 


The plates are separated by a deep depression anteriorly to about the middle of 
their length. The greater part of the plates is covered with acetabula, but none of 
these contain hairs. At the {wsterior margin of the genital plate, on either side, 
is a larger and more rounded acetabulum, with a patch of long hairs lateral to it. 
Isolated hairs are also found between the smaller acetabula. 


Text-figure 5. 



Anus: provided with a chitinous ring; much further from the genital plate 
than in the male (450 /i). 

Nymph , — Length of body 2*1 mm. The structure is very similar to the adult 
until the genital region (text-fig. 5) is reached. The backward]y-dii*ected pro- 
longation of the thii^ epimei*on is, however, separate, lying obliquely in the soft 
akin, and is not joined ^.the epimeron as it is in the adult. The genital region is 
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very different. The plates are separated for a distance of 100 /x at the narrowest 
point, wliicli is posterior. They are rectangular in shape, rounded behind, with 
numerous small acetabiila between which, over the posterior two-thirds of the 
plates, are shoti: hairs. The plates do not touch the epiinera. In the median line, 
at the level of the posterior margin of the genital plates, is a chitinous disc for the 
attachment of a muscle. The anus lies 350 /x behind the median plate and is 
surrounded by a chitinous ring. 

HrDRARACHNA ELDORETICA Lundblad. 

Locality, — Woiiramboulchi, Serpent Lake, 9000 ft., .3rd Oct., 1 nymph. 

Geographical Distribution , — East Africa : Lake N. of Eldoret in the Mt. Elgon 
region. 

Remarks , — The single specimen appears to belong to the species described by 
Lundblad, 1927, from the Mt. Elgon region, British East Africa. It differs in a 
number of minor characters from the type, but this may be due to the fact that 
Lundblad’s description was drawn up from the study of a nymphoderma ; all the 
differences seem to me to be accounted for by the difference in the developmental 
stage reached by the specimens. 

Description, 

Nymph , — Body oval ; 1*5 mm. long, 1*260 mm. broad. The frontal margin is 
slightly convex between the antenniform seta‘. The upper surface is covered wif li 
round papillre, and there are no sharp papilla? such ns are described in the typical 
nymph. The anterior doi^al plates (text-fig. C) are also a little longer, being 

Text-figure 6. 




Eydrarachna eldoretica Lundblad, nymph. Dorsal plates. 


465 fi in length with a breadth of 240/1. Each plate has at its anterior margin 
beside the eye-capsule, and at the posterior margin a fine hair not shown in 
Lundblad’s fig. 1 . The two scales are separated medianly by a wide space. 
Capitulum : similar in size and shape to that of the type. 

Palp : differs noticeably from the type. The dimensions of the segments are 
as follows 


Segment 1 2 3 4 5 

Length of extensor side ... 109 fi 123/1 140 /i 78 /k 36 /i 

Length of flexor side 93/f tOg 73 g 31 g 23 g 


The total length of the basal segment is 153 p. The extreme shortness of the 
third segment is especially noticeable. There are also differences in the number 
and disposition of the setae: besides the setae shown by Lundblad (fig. 3) there 
U a short strong seta on the outer margin of the second segment and a weak hair 
near the base of the third segment. 
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Bpimem : as in the type, except only that the fourth plate seems somewhat 
wilier and more rounded externally. 

Genital area : the position of the genital plates is similar to that in the type, 
but they are somewhat narrower in the latter. Tiiey also difier in having no large 
acetabulum near the inner margin, and in having on the anterior half of the plates 
a spot covered with a few setae. 

Limkesia rugosa, sp. n. 

Locality, — Wouramboulchi, Serpent Lake and marshes, 9000 ft., 2nd“5thOct., 
62 $ , some young and some mature with eggs, 1 nymph just moulted and unfit for 
description. 

Rertiarka, — lAmnesia acutellaia Koenike, 1898, is a closely-related form, rather 
imperfectly described by Keen ike, 1898. A direct comparison of the Abyssinian 
specimens with Koenike’s types could not be made, as the latter are not in the 
Henckenberg Museum. The differences, however, are of such an order that the 
Abyssinian species must be separated under a new specific name. 

Deacripiion, 

Ilipe females have a length of more than 1*5 mm. The following description 
refers to such mature specimens unless otherwise stated. 


Text-figure 7. 



JAmnuio, rugo$a, sp. n., $ . Mandible 

Form : broadly oval. Koenike save that there is a tendency to form a plate in 
L. aeuteUaia, and makes no mention of chitinoiis papill® on the skin. In Z, rtigosa 
there is a posterior dorsal plate, rounded but varying somewhat in shape, and 
having a diWeter of 135/*. The skin also is covered densely with small, sharp, 
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cbitinous papilJeD which are difficult to observe, looking from above, especially 
when the skin is wetted, but can be clearly seen at the edges of the body. 

Oapitulum : very similar to that of L, aciUellata Koenike. 

Mandible (text-hg. 7) : total length 435 /i, almost twice as long as that of the 
male Z. amteVMa, There is no knee-shaped projection at the basal joint, and 
the highest point of the mandible (85 /li) lies directly behind the insertion of the 
claw, which is itself 105 /jl in length, strongly curved, and becoming much sharper 
distally. 

Palp (text-hg. 8) : the dimensions of the segments along the extensor side are 
as follows : — 

Segment ... 1 2 3 4 5 

Length 20 /i 150 /i 115 /i 180^ 60 /i 

There are considerable differences in the palp of Z. acuteUata as figured by 
ICoenike, 1898, fig. 110. In this figure the second and third segments are shown of 
almost equal length, while in the new species there is a well-marked elongation of the 
second segment. Tn Koenike’s figure the fourth segment is also relatively shorter, 
and more curved on the flexor side. In Z. rugoaa the flexor side of the second 
segment is straight, with a backwardly-directed spine arising some distance behind 
the margin and not inserted vertically on a swelling as appears to be the case in 
Z. aculeUata from the rather indistinct drawing. The setee of Z. rugoaa also appear 
to be stouter, and particularly noticeable are two long hairs, one on each side of 
the third segment. One of the tactile hairs of the fourth segment is much longer 
than the other. 

Epimera (text-fig. 9): these are very similar in the two species, the third 


Text-figure 9. 



Linmesia ntgoaa, sp. n., $ . Epimera and genital area. 

epimeron forming a right angle (Koenike says “ innen nicht eckig”). The 
*^8ubcutane ^ortsatz in fussartiger Form’’ mentioned by Koenike is present in 
the Abyssinian form, but the suture lying between the third and fourth plates, 
being strong, reaches the inner margin of the group of plates, and the inner 
margin of the fourth epimeron, which bears a glandular pore, is indistinct. The 
first pair of epimera have their edges parallel internally for about three-sevenths 
of their length. The total length of the epimeral region is about 600 /tc and the 
breadth 900 In younger specimens it is correspondingly smaller. 

Legs : have the following dimensions : — 

Leg 1 2 3 4 

Length 720 /i 1085^ 1050 /li 1500 

The five or six setae of the sixth segment of the posterior legs do not stick to 
the leg, and are feathered like the short setae of the fourth leg. The longer 
dagger seta of the apical joint, which is without a claw> is also absent. The wide 
dagger setae, mentioned by Koenike as occurring on the thiid leg of L. aeutMata^ 
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Are absent. Instead of the stout setfe ot medium length on the underside of the 
main segments of the first two pairs of legs, there is on the basal segment of the 
first leg a short seta, and on that of the second leg a somewhat longer seta. 

Genital area (text-fig. 9) : even in immature specimens the plates are much 
longer and wider than in X. Bcutellata — 250 fi long, 190 fi broad. In adult females 
they may reach a length of 275 /i and a breadth of 245 /a. With the growth of the 
ntiimal the distance between the two plates becomes greater in the posterior half 
of their length. The middle acetabulum lies for half its length along the outer 
side of the posterior acetabulum, so that the distance between it and tlie anterior 
acetabulum is greater than in the species taken for comparison. The anterior 
supporting body also shows greater development. 

Egg : diameter 180 /x. 

Fiona anqulata Viets. 

Loc<diti /, — Djem Djem Foi^est, pond no. 2, 8100 ft., 26th Sept., 8$ $ . 

Geographical Distribution . — East Africa: Elanairobi crater-lake ; WestMaiwii 
Steppe ; N.W. Iluanda, Galago Lake ; crater-lake at the top of Mt. Elgon ; lake 
N. of Eldoret in the Mt. Elgon region. 

Memarks . — The Abyssinian specimens agree well with the type. There are but 
a few minor deviations — for example, the extensor side of the segments of the pal]» 
are a little longer and the height is greater in some cases, as follows : — 


Segment ... 1 2 3 4 5 

Length 50 /u 260 a 115/4 270 /i 80 

Height ... — 135/1 — 60 /i — 


The apical claws are a^so well developed, and on both sides of the genital furrow 
the female has 54 to 56 acetabula, making the lateral extension of the genital area 
somewhat greater — about 600/4.. 

Fiona crassifes, sp. n. 

Xocaf —Wouramboulchi, Serpent Lake, 9000 ft., 3rd~7th Oct., 15c^ 

21 $ $ , 28 nymphs. 

Remarks. — ^Tlie nearest relatives of this new species are P. uncatOf P. uncata 
var. contrwsrsiosa^ P, brehmi, and P. trisetioa. 

Description. 

Male. — Oval ; 1*36 mm. in length. The skin is very thin and, especially in dry 
preparations, shows an extremely fine wrinkling of the surface. 

Capitulum : of the normal shape but very wide in front (255 p). 

Mandible : total length 335 p. The basal segment bends nearly at right angles 
at the base to form a sharp knee. The claw is strong and distinctly curved. 

Falp (text-fig. 10) : the length of the segments along the extensor edge is as 
follows ; — 

Segment ... 1 2 3 4 5 

Leagtii 60/1 260/4 110 /i 300/4 235/i 

The basal segments are decidedly stouter than those of the anterior pair of legs. 
The second segment has the flexor side straight ; the fourth segment is narrow, 
very slightly curved, and bears ventrally two teeth of unequal size, each of wliich 
has a fine hair at its apex. Anterior to these is the characteristic sign of the 
imminuta in the shape of a small accessory papillsa, and there is a small, though 
easily perceived, nterio chitinous tooth. The few setae are feathei^. 
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Epimera (toxt-fig. 11): the epimeral region is 645 /i in length. The epimera 
behind the capitulum have the inner margin widely chitinized. Both the posterior 
groups are ankylosed medianly, but their median edges can be clearly diiSerentiated ; 
they are more closely approximated posteriorly than antei-iorly. 

Legs ; the three anterior pairs are more slender than the posteiior pair. The 


Text-figure 10. 


Palp. 


Text-figure 11. 



Fiona crasaipes^ sp. n., 
Epimera and crenital area. 



fifth segment of the third pair is sexually modified, serving to convey the sperm, and 
is 400 p in length, thickened distally, and bears nine long and several short seta) ; 
the apical segment (text-fig. 12) is 185 /x in length, with the distal curved portion 
not thickened ; the claws are peculiar, one of them having three points. The 
posterior leg has the two basal segments very stout, with few seta* ; its distal 
grasping-segment is elongated distally and is skittle-shaped, with five swimming- 


Text-figure 12. 



Piofia craaaipea, sp. n., Apical segment of drd leg. 

hairs; the apical segment is three-quarters of the length of the penultimate 
segment. 

> Genital area (text-fig. 11) : the plates are large — 285 ^ long and 495 /x broad. 
The seminal pouch is widely elliptical, with the posterior margin forming a median 
1)9^. On each half of the plate are two large and about forty small acetabula. The 
excretory pore is at the level of the hinder margin of the plates and is surrounded 
by a wide ehitinous ring. 
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/'tfma^e.^Length of body rather more than 2 mm. 

Oapitulum : 285 /x wide in front. 

Palp : similar to thnt of the male, but stouter and longer. 

Epimera : the first epimeron has the inner margin behind the capituluin 
narrowly thickened. The gland, as it lies between both groups of epirnera of one 
side, touches the hinder margin of the second plate. Tiie distance between the 
slightly undulating margins of the posterior groups of epimera medianly is about 
200 /X. The posterior projection of the fourth epimeron is short and stout 
(text-fig. 13). 

Genital area (text-fig. 13) : has two large plates, somewhat tongue- shaped, with 
two large and forty-five to fifty small ncetabuln. Anterior to each plate are two 


Text-figure 1.3. 



Fiona craMipeSy sp. ii., $ . . Genital arou. 


seta; surrounded by soft skin. At the |K>sterior corners, opposite the hinder 
supporting body, are three or four seta*. The genital opening is 300 /x in length, 
with a strong supporting body in front. The excretory pore lies 200 p behind the 
posterior supporting body of the female opening, and is surrounded by a circular 
cbitiiious plate. 

Nymph , — Length of body 1*2 mm. The young stages are identical with the 
female even to the genital area. Both genital plates bear two acetabiiln. They 
touch each other medianly and are slightly inclined one to the other. 

Arbhenubus pbocbrus, sp. n. 

Locality , — Djem Djem Forest, pond no. 2, 8100 ft., 26tii Sept., 2 J $ . 

Remarks . — the nearest I’elativeof tin’s new species, of which as yet only females 
are known, is A. rudiferus Koen«, from Madagascar and Cameroon. 

Desd'iption, 

Female *. — Elongated oval (text-fig. 14), 1*170 mm. in length and *870 mm, in 
braitdth. The edge of the forehead is vaulted, but the sides of the body are not 
indented, although in the r^ion of the genital plates the sides are slightly 
fiatteiied. The dorsal armour is similar in its contours to the genernl body shape, 
and is 886 p. in length and 615 /a in breadth; it reaches more nearly to the 
posterioi: margin of the body (75 /ui) than to the anterior (195 p). 

Mandible : 185 p in length, with the basal region much thinner than in 
A. rudiferus,, Th® flexor side is so slightly curved as to be almost straight. The 
mandibular hollow is less in circumference and not so deeply excavated as it is in 
A. rudiferus, and the claw is weaker. 
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Palp (text-fig. 15) : the segments, roeasiired along the extensor side, have the 
following dimensions : — 

Segment ... 1 2 3 4 5 

Length 35 /i 90 ft 65/1 95/4 50/4 

The second segment shows a distinct bnsul curvature and the fourth segment 
a break on the extensor side, wliich causes it to lose thickness distally. 
The antagonist is directed forwards. The apical joint is inserted far back. The 
majority of the setm of the three main segments are feathered. 


Text-figure 14. 



Arrh^nwnu procerutf ep, n., $ . Ventral surface. 


Text-figure 15. 



Arrhenurnt proe$ru9, sp. n., $ . Palp. 

Epimerm (text-fig. 14): the epimeral r^ion does not reach to the anterior 
margin, and the capitular depression is deeper than in A, rudiferus. The distance 
between the posterior groups of epiraera is also smaller, 'i’he leng^ of the 
epimeral region is about 600 /i, and it reaches further back than it does in 
A. rudiferua. The inner re||:ion of the posterior margin of the fourth epimeron lies 
transversely, and the posterior angle is nardly indicated^ 



REPORT OR THE HTDEAOARINA. 


925 


Genital area (text-lig. 14) : lies about 100 fi from the epimera. The lips of the 
genital opening form an ellipse 155 /i in length and 220 /i in breadth, lying 
diagonally to the median line ; their whole surface is covered with fine pores. 
The plates are slightly less in diameter than the length of the lips of the genital 
opening. They lie transversely and extend to the sides of the body, their lateral 
extremities being curved forwards a little ; the anterior margins are undulating 
and the posterior margins are straight; they are densely covered with small 
acetabula. The excretory pore lies close to the hind end of the body. 

ARBHENURUS INIQUUS, sp. n. 

Localities . — Djem Djem Forest, pond no. 2, 8100 ft., 26th Sept., 10 J 5 5 
Wouramboulchi, Serpent Lake, 9000 ft., 2nd~4th Oct., 2 cT cf , 1 immature $ . 

Description. 

Male . — The body, including the appendix (text-fig. 16), hasa length of 1*065 mm. 
and a breadth of *720 mm. The anterior margin of the body, slanting towards 
the sides, is straight between the two antenniform setsB, which are 300 /x apart. 
The sides of the body are almost parallel, but there is a swelling where the body 
passes into the appendix. The latter is 225 /x in length and at its base is 375 p in 


Text-figure 16. 



Arrhenuma inigutM, sp. n., c^. Dorsal snxfaoe. 


width and tapers posteriorly. At its hinder end there is a median indentation 
fianked by small projections, and similar small projections are found at the base of 
the appendix. The dorsal arch is closed. The dorsal plate is round, with a 
diameter of 540 /a, and bears three gland pores, the hindermost of which lies upon 
a low protuberance. The dorsal surface of the appendix is vaulted in the middle 
and has two pairs of fine hairs in the narrow porous region, while somewhat further 
back, behind two rounded poreless regions, is a flat depression containing the 
excretory pore, There is no petiolus. 
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O:\pitii1um : including the pharynx, which projects behind its posterior iuax‘gin, 
the capital nm measures nearly 200/4. 

Mandible : is 200 fi in length and is feeble, with a very feeble claw, especially at 
its curved end. Tlie basal segment is owly slightly tliicker proximally than distally. 

Palp (text-fig. 17): the length of the segments along the extensor side is as 
follows : — 

Segment ... 1 2 3 4 5 

Length 40 /u 95 /i 60 /i 120 fi 50 /u 

On its inner side the second segment has three or four fine hairs and a strotig 
feathered seta. The fourth segment is slightly curved and is the same thickness 
throughout its length, with the antagonist corner rounded and a little extended 
anteriorly. 

Epimera: the length of the epimeral region is 615/4 and its width, at the 
insertion of the posterior lege, is 800 /4. The median edges of the hind group of 
epimera are slightly projecting and separated by a distance of 60-70 /i. The 
posterior margins of the fourth pair of plates are feebly developed. 


Text-figure 17. 



Arrhenurui iniquust sp. n., <5 . Plftlp* 

Legs : the three nnterior pairs are slender. Thp posterior legs are strong, with 
the fourth segment widened distally, 270/4 in length, and not forming a spur, but 
with the outer edge projecting beyond the insertion of the fifth segment. The 
numerous setse of the fourth segment are thin, feathered, and of short or medium 
length. The penultimate segment is only 225 /4 long, is widened distally, and has 
both a row of swimming-setse and of medium-length hairs. The terminal segment 
is 290 /4 in length, with the edges extending beyond the base of the claws. The 
second segment has a row of eight very long swimming-setse, besides hairs of 
medium length. 

Genital area : this is situated at the region where the body merges into the 
appendix. The plates, -separated by a slit about 60 4t in length, are about 60 fi wide 
tliroughoiit their length and reach to tiio sides of the body, where they form the 
strong swelling.s anterior to the Imse of the appendix. 

The body (text-fig. 18) is broadly oval, regularly rounded, and but 
slightly flattened, with a length of M55 mm. and a breadth of -960 mm. The 
anterior margin, between the two antenniform setss, is straight. The dorsal 
armour is *9 mm, in length and ’660 mm. in breadth, elongated oval in shape, and 
extending to within %l0fAo( the anterior margin and to within 90 u of the posterior 
paargin of the body. r r 
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Capitulum an<1 mandible : as in the male. 

Palp: the segments are slightly longer than in the male, and the antagonist 
corner is rather more expanded anteriorly, 

Epimera (text-fig. 18) ; the epiiner:d region is only 540 /i in length. The third 
and fourth pairs internally are of about equal dimensions. The posterior groups 
are separated by a distance of about 90 p. Tlie hinder margins of the fourth pair 
for the median half of their length are transvei’se. 

Legs : all four pairs are slender. 


Text-figure 18. 
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Arrhetinrus iniqum, sp. n., Ventral surface. 

Genital area : lies about 1 10 behind the epimera. The lips without chitinous 
spots but finely porous, 175 long and 190 /a wide, and together are almost circular. 
The genital plates surround the lips anteriorly, are considerably broader metlianly 
than laterally, and lie transversely, with the outer ends curving forwards. They 
are densely covered with acetabula which are smaller than the pores of the dorsal 
armour. The post-epimeral pores are close to the anterior maigin of tlie genital 
plates. The excretoiy pore is not far from the hinder end of the body. 
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iKTRODUCnOK. 

Cryptachmtvm ieerym, as iswell known, is a nntive of Australia, and wa3 originally 
introduced into California in an attempt to control the Cottony Cushion Scale, 

* Paper No. 225, Graduate School of Tropical Agriculture and Citrus Experiment Station, 
XJniveraitgr of Oalifornia, Bivetside, Calif ’ ^ * 
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loerya pureliaaL It is such a remarkable insect from e^ery point of view that 
a (letiiled description of its structure and biology seems desirable. 1 am indebted 
to Dr. A. D. Irnms, F.B.S., for first drawing my attention to its possibilities as a 
subject for research. 

This study was carried out during the tenure of a Rockefeller Foundation 
Research Fellowship (1927-29) at the Entomological Department of the University 
of 0 iUfornia Citrus Experiment Station at Riverside, in Southern California, ana 
was completed at the Zoological Laboratory, Cambridge, England, 

It is a great pleasure to acknowledge my indebtedness to Professor Harry S. 
Smith, of the University of California, for the hospitality of his Department, for 
the laboratory and other facilities so freely given, and, above all, for his interest in 
the work and his constant readiness to give me the benefit of his very extensive 
knowledge of pamsitic insects. 

In connection with the systematic side of the work, I must thank Dr. A. H. 
Sturtevaut, of the California Institute of Technology. Pasadena, for allowing me to 
examine his collection, and Dr. J. M. Aldrich for permitting me to examine the 
material in the United States National Museum at Washington. Professor F. 
Silvestri, of Portici, Italy, also very kindly sent me fresh material of (7. grandicome. 

Methods. 

The host scale was reared, both out of dooi‘s and in the greenhouse, on potted 
citrus trees enclosed in cages of about 12 cu. ft. capacity, with three sides and the 
top of muslin and the front of glass. It was found impossible to secure normal 
behaviour of the parasites in smaller cages. The material was obtained from 
Rivei'side, Redlands, and Santa Barbara in S. California, and also from the San 
Francisco Bay region. 

For the anatomical study three fixatives were used — Carnoy, Gilson, and Bouin 
Of these Bouin *s alcoholic picro-forinol was found the most satisfactory, the greatest 
difficulty being to secure adequate penetration. Single paraffin embedding after 
cedar-wood oil was found satisfactory provided a really .sharp knife was used. 

For the study of living early-stagc larvae methylene bine was employed. For 
mounting whole unstained larvae De Faure's Fluid, containing cblorbydrate of 
cocaine, was excellent. Euparal was useless on account of the distortion it caused. 
For staining sections ^ per cent. Heidenliain’s Iron llfematoxyliii, Delafield’s 
Haematoxylin with Eosin, and Mann’s Methylene Blue-Eosin were employed with 
success, and occasionally Safranin and acid Fuchsin. 

The Genus Ckyptoch^etum (Rond.). 

The genus Cryptochc^tum was established by Rondani in 1875 to accommodate a 
very aberrant parasitic fly apparently referable to the family Agromyxidse. This 
insect, C, grandicorm, is a parasite on the Monophlebine Scale, Omrinia serratulce 
Fab., in B. Europe. 'Ibe most striking character is the complete absence of an 
arista, but the fly is aberrant in many other respects. 

The following is a definition of the genus as it stands at present, slightly 
modified from Melander (1913) : — 

Arista completely wanting, third antennal segment large ; frons shining and 
closely hairy, no fronto-orbital bristles or oinl vibrissee ; eyes large, cheeks linear ; 
mesonotum hairy, bristleless ; no sterno-pleiirals, mesopleuree setulose ; scutellum 
large, triangular, with sharp edge and two minute apical bristles ; legs without 
spurs or bristles ; calypter rudimentary, not ciliate ; wings short and broad ; costa 
twice broken, extending to Cells and 1st i/g fused. Subcosta barely 

distinguishable, parallel to 

The genus is included among the Apromyzina^ by both Aldrich and Melander, 
although this is admittedly a matter of convenience. It has also been referred to 
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the Oscinidae and the Octhiphilincn^ and there is as much to be said for its inclusion 
in the Milichiinm^ where it is placed by De Meijere (1918). In fact it is so 
isolated, both structurally and biologically, that it is anomalous in any of the 


Text*figure 1. 



Cryptochatum icerym (Will.), adult. (From Smith and Compere.) 


existing groups, and the only logical course would seem to be to make it the type 
of a new subfamily. 

Up to the present time eight species have been described as belonging to this 
genus, although it seems doubtful whether some of these will stand under further 
investigation. They are as follows : — 


Species. Host. Region. 

C. icerym (Will.) Jeerya purchasi (Riley). Australia. (Introdnoed 

California and Florida.) 

Daciylopiue sp. (P). Australia. 

C. monophlebi (Skuse) . . , . Monophlebtis crawfordi (Mask), Australia. 

Icerya purchnei, Australia. 

Dactylopius sp. (P) Australia. 

0. chclj/heitm (De Meij.) Java. 

C. curiip&nne (Knab) (Walkeriana sp.) Ceylon. 

Aepidoproctxut cinerea Green. 

0. latimana (Malloob) . • . ■ Australia. 

O. seneacena (De Meij.) ... ... Java. 

0. gfcndfoome (Bond) . .. Guerinia {OMrinUilla, MoiiophUbue) Italy, N. Africa. 

eerratvlm (Fab.). 

Icerya eeychellarum (Westw.). Japan. 

Warajicoeem {Droskha) corpuUntue Japan. 

(Kuwana). 

PhiHppmes. 


Thus of these eight species, three are native to the Australian r^ion, four 
have been described from 8. and S.£. Asia and the East Indies, while one — 
O, grmndieom^ — is native to S. Europe, with doubtful records from Formosa and 
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As far as is known, they are parasitic in the early stages on ooccids of the sub- 
family Mcnophlehinoe, 

Lefroy describes a member of this genus as being a very annoying eye-fly in 
tlie jungle at Pusa, S. India. There is a similar record quoted by Bezzi for 

Text->flgure 2. 





Text-figure 3. 



Text -figure 4, 



Fig. 2. — ^Antenna, cleared in xylol, showing tme structnre of third segment. I.m. Intersegmental 
membianons part. 

Fig. 3.~Antenna, cleared in xylol, showing lining of pit and third segment accidentally everted 
after boiling in potash. 

Fig. 4. — Antenna (0. grandicome). Transverse section through third segment. B. ^ood-spaoe. 

Chitinons cuticle of third segment. Hy, Hypodermis. /. Inter-segmental club- 
shaped piece showing trachea and nerve. If. Inner wall of third segment. 

(7. fastidiomm in the Philippines, so there can hardly be any doubt about the 
matter. Nevertheless it is an extraordinary habit for a parasitic insect, and further 
details are much to be desired. It is noteworthy i^t a similar habit is prtPRleiit 
among several of tbe closely allied family Ohlaropidm, 
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The species to which Lefroy refers was not identified, and nothing is known of 
its life-bistory save that the adult is often found sitting on stems or leaves or in 
crevices of tree-trunks in small groups of half-a dozen or so individuals/’ He also 
remarks that it will live longer in a corked tube than any other fly he has ever 
observed, a characteristic in very great contrast to C. iceryce, which is so delicate 
and intolerant of confinement. 

The Striusture of the Antenna, 

Sturtevant (1925-6) has questioned the absence of the arista, suggesting that 
what appears to be the third segment is in reality a huge arista shaped like the 
cover of a book, and completely enfolding the true third segment. With this con- 
clusion 1 am unable to agree. Sections of the antenna (text-fig. 4) show the true 
state of affairs. The conspicuous terminal segment is, as it appeal’s to be, the true 
third segment. It is, iiowever, affixed to the second segment in a very curious way. 
Tiie point of attachment is sunk into a deep pit, and the intersegmental membranous 
part is enlarged to form a club shaped structure which nearly fills this cavity. 
That this club-shaped structure is really intersegmental, and not the true third 
segment, is shown (text-figs. 2-4) by the absence of cuticular spines ; all the true 
segments have tliese highly develop^. The whole apparatus is, as far as 1 know, 
quite unique, and an explanation of it is wanting. The spine on the terminal 
segment is, of course, not an arista, but equivalent to the antennal spine found, in 
allied genem, in addition to a true arista. 

2%e Dieiinction o/ Oryptochaetum iceryte from doeely AUied Species, 

OrYPTOCU^UM ICKRYM (Will.). 

{Lestophonus iceryas Will., Cryptoehmtum monophUhi Knab, Cryptochceium 
monophlehi Smith & Compere.) 

Small bluish-black flies with a metallic lustre; abdomen usually more shining, 
with a greenish tinge ; antennae blackish ; legs black, with lighter coloured tarsi ; 
wings short and broad, hyaline, with metallic purplish reflections ; veins dark 
brown; length, av. 1*5 mm., although size may vary greatly according to the size of 
host and the number of larvie per host. 

Head, — Frous broad, with apex blunt, almost as wide as the distance between 
antennas ; orbital triangles opaque and somewhat variable in size ; post-verticals 
undififerentiated. Eyes large, bright red, with microscopic black hairs. Antennas 
with first and second segments small ; third segment large, rounded in outline or 
with a very weak angulation, covered with a dense brown pubescence and bearing 
a minute apical spine. 

Thoraac , — Mesonotum closely haiiy, without bristles. Scutellum large, triangular, 
with a sharp edge and two apical bristles, but slightly differentiated from the close 
■et hairs. 

Wings short. Ei distinctly angulate; course of subcosta indicated by a 
very pale line, barely distinguishable, and running parallel to thioughout 
its entire length ; the costa twice broken ; and usually divergent, ^ 4^5 

ending typically slightly before the npex of wing. Median cell and 1st fus^. 
E,M,e,v, slightly proximal to end of E^, M,C,e,v, arcuate, convexity towards 2 nd M . 

lags black. Tarsi yellowish brown, with a longitudinal series of short black 
hairs ; no spurs or bristles. 

There has been much confusion as to the identity of the species of Crypiochatwn 
{LsBtopkonm) introduced into Chilifornia, owing partly to unfortunate errors in the 
figure published with 'Willistou’s first description (1888). This figure, which is 
totally incorrect as regards the venation, was corrected by Williston himself later 
In the tame year ; but, unfortunately, has been reproduced by Essig in * Insects of 
'Western KoHdi America,’ p, 615. In 1889 Skuae, wbo had been misled by 
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Williston’s first figure, redescribed the species with a correct drawing, and added a 
new species, Lestophonus monophlehi^ confined to Monoitldciuis cjuitjo/Ut ^^lask.) in 
Australia, ieerpce being reared both from M. erawfor<H and loerya purchasi (Mask.). 
In the stime year Mik showed that Leatophonus was congeneric with Cryptochatum^ 
established by Koiidani in 1875 for the European species grandiconie. Nothing 
more was published till 1914, when Knab undertocrk to determine the identity of 
the species then found to be widespread in California. Knab published a revision 
of the genus, in which, through either typographical or other error, and in part due 
to Williston’s incorrect figure, he.revei-sed the most important diagnostic characters 
of Skuse’s two species, describing the one then common as 0, monophkhi^ and 
expressing a doubt whether the other was ever established. Following him, 
Smilih and Compere (1916) thus described the one occurring in California as 
monopMeH. Essig (1922), at the suggestion of Aldrich, restored the nameiosr^of, 
regarding monophUhi as a S 3 monym. 

Owing to this confusion, the best course seemed to be to examine all available 
material following Skuse’s original description, and completely ignoring Knab’s 
revision, the errors of which merely make confusion worse confounded. Besides a 
large number of specimens of my own rearing, the collections of the XJ.S. National 
Museum, tlie Citrus Experiment Station, the Philadelphia Academy of Sciences, 
and of Mr. P. H. Timberlake and Dr. A. H. Sturtevant were examined in this 
way. 

As a result of the investigation it can be said that, although the species is 
somewhat variable, all but three of the specimens from California agree with 
C. iceryoA Skuse as opposed to €, monophlehL The three momphlehi are specimens 
sent by Coqiiillet from Los Angeles to| Washington in 188>S or 1889. There are also 
in the National Museum some 50 specimens of momphlehi Skuse, all collected in 
Australia by Crawford and Koebele, with breeding records from Icerya and 
Monophlehua. 

It seems, therefore, that both species were introduced, but that only one, 
C, iearyca^ was successfully established, the favourite host of the other iKung 
absent. In this connection it is interesting to note that, according to Howard 
(Ins. Life, i. p. 328), most of the material for introduction was obtained from 
Monophlehua^ as this was the more prevalent of the two in Australia, and this fact 
may account for the apparent lack of success and slow rate of spread of the insect 
when first introduced, for in all probability only a very few iceryca were liberated. 

Of the various slight differences which have been put forward as satisfactory 
specific characters, the following are the only ones which I have found to be 
sufficiently definite and constant for distingnisbiiig iceryca from fnorwphlahi. 

In icerycB (Will.) the wings are short and broad ; Jtt^ (Ist longitudinal) is distinctly 
angulated ; the radio-medial ci'oss-vein is placed slightly proximal to the end of 
and the third antennal segment is usually rounded in outline and bears a minute 
apical spine. 

In monophlebi (Skuse) the wings are somewhat narrow and longer ; j?, is definitely 
curved and not angulated ; the radio-medial cross- vein is placed level with or 
beyond the end of E^f and the third antennal segment bears a minute apical 
tubercle and is often markedly angulate. 

It will be seen that these few characters which are constant are, nevertheless, 
very trivial, and the available evidence suggests that possibly momphlehi and iceryas 
would be more coriectly regarded as two biological races adapted to different hosts. 
This point could, of course, only be settled by careful biological woi*k carried out by 
some worker suitably situated in Australia. Possibly a study of the larval stages 
of 0. monopfdehi might reveal something more tangible, and experiments on the 
host and mating preferences of the two forms should also be undertaken. 

There has also been some confusion over the separation of wryea and 
(7. grandicama which it seems well to straighten out at this point* 
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Through the kindness of Prof. P. Silvestri I was able to examine a number of 
living jmm iinMis of the latter species reared from Qtierinia serratulce in Italy, and 
apart from the slightly larger size, which is not a reliable character, found it easily 
separable from C. iceryo! by the following characters;— 

Frons small, sharply pointed. Eyes bare, dull brownish red. Antennal spine 
very minute, hardly distinguishable from the surrounding hairs. Wings dusted 
with white. (This last character, which is the most obvious difference in the living 
insects, is not reliable in preserved specimens.) 

Knwana (1922) records a species of Orypiochcetum as a parasite on Icerya 
aei/cheUarum ( Westw. ) and WarajicocciM ( Jh^osieha) corpule'ittus (K u wana). He sent 
specimens to Prof. H. S. Smith, who stated th.at they wore definitely not C. iceryce 
but were close to the European species, and advised they should be sent to Bezzi, 
which was accordingly done through Prof. Silvestri. Silvestri eventually (Dec. 
16th 1 918) replied ; — “ He (Bezzi) thinks that the Japanese specimens are referable 
to C, iceryai (Will.), which is apparently the same species as (J. grawHcome (Rond.) ; 
at least he does not see any appreciable tlifference except in colour, which in the 
Japanese species is a little more metallic.*’ This is an inexplicable verdict when 
we consider that Bezzi himself in a paper published the following year placed 
grandieorne in a different subgenus from icerym and monophlebi ^ the frontal triangle 
Wng the chief distinguishing character. Bezzi, in the same paper, describes 
grandicome as confined to S. Eui ope, throws doubt on the Formosan record, ami 
refers to specimens of C, iceryof* from Jnpjin which he had seen “a mezzo del 
Professor Silvestri.” 

I have, unfortunately, not yet been able to obtain material from Japan for 
study, so that until further evidence is forthcoming we must suppose that the 
species is grandicorne. 

That grandiconie and icerym are distinct cannot be doubted now that we have 
some knowledge of the larval stages, which are cjuite different. 

The following key, including all the known species, has been constructed on what 
appear to be the most reliable characters, and should aid in the identification of the 
species. It seems very doubtful if curfipenne is really distinct from monophUhi, 
All available material, including the type-specimen, is in such poor condition tliat 
it is impossible to come to a definite conclusion. The division by Bezzi into sub- 
genera seems hardly justifiable on such trivial characters. As the genus is a small 
one it is of no particular utility, and has accordingly been omitted. 


Key to the Species* 

1. Frontal triangle small, sharply pointed, the point much narrower than 

the distance between the bases of the antennm 

Frontal triangle largo, occupying almost the entire front, the apex 
blunt and almost as wide as the distance between the bases of the 
antennm 

2. Wings slightly infnsoated, with the costa extending to the end of 

B 44.5 terminating at the apex of the wing, slightly divergent from 

Jfp Antennm a little longer than the face 

Wings hyal^e or dusted with white, costa extending to the end of 

or a little beyond ; auteonaa as long as the face 

8. Wings hyaline ; Ri terminating at apex of the wing and but a little 
divergent from Jf , ; distal portion of Cn^ but little longer than the 

posterior cross-vein. Wings and body 3 mm. long 

Wings dustsd with white ; Bi+fi terminating before the apex of wing 
and strongly divergent from AT,. Distal section of Cuj much 
longer than posterior cross-vein. Wings less than 3 mm. long . . . 

4. Foietarsiof male strongly dilated 

Fom iMsi of male normal 


2 . 


4. 


fastidtosum (Bezzi). 
3. 


wneacem (De Meij.). 


gixtndicome (Itondani). 
latimana (Mallooh). 

5 . 


* in this paper wan following Knab's description, so that his tcerpm is really the 

mofitpMeH of Skuse and his monepUM the ieerym of Wfiliston and Skuse. 
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III. Badio-mediaJ oross-Yein placed slightlj proximal to the end ol iij ... t>. 

Badio-medial oroag-yein on a lev^ with, or distal to, the end of ; 
onrred, not angulated ; Srd antenjwl segment with n 
apical tubercle monophLebi (Skuse). 

6. Posterior cross-vein straight 7. 

Posterior cross-vein curved, sometimes incomplete. distinotijr 

angcdated, Srd antennal segment with a minute apical spine icerya (*Will.). 

7. Third antennal segment rounded at apex. Distol section of Mi 

normal chalybeum (De MeiJ.). 

Third antennal segment prolonged at the upper angle to a sharp 
pointy distal section of if| faint and indistin^ cfurtipemie (Enab). 


The Histobt and Economic Importance op ORYPTocHAiTUM in U.S. A. 

Credit for the discovery of Ct^yptochceium ieerym belongs to F. S, Crawford, 
of Adelaide, S. Austi-alia, who, at the request of the U.S« De{>ai’tment of Agriculture, 
sent specimens to the U.S. National Museum in 1888 wiiich were described by 
Williston the same year, the first introduction to California being made through 
Crawford vary shortly afterward. The numbers forwarded in this first shipmen 
do not appear to have been recorded, but they were few, and it is unlikely that any 
established themselves. In August of the same year A. Koebele was sent to 
Australia to study the parasites of leery a pureheui in their native country, and as 
a result of his efibrts a further introduction of some 10,000 sctile was made in 
November 1888, of which it was estimated about 50 per cent, were parasitized. 
With this shipment were included a few specimens of a coccinellid, Vedalia 
{BodcUa) oardinaliSi and of other natural enemies. Efibrts wei'e made to propagate 
these on heavily-infested caged trees in Los Angeles Co. In May 1 889 it was 
reported that, while the Vedalia was reproducing veiy rapidly, and were giving 
great promise of control, the “ Lestophoiius** was only developing very slowly. 
The following mouth another shipment of 12,000 parasites was made, very few of 
which came through successfully, and in April 1889 Koebele sent a final consign- 
ment before himself returning to the United States. In June Coquillet (1889) 
reported almost complete lack of success in colonizing Leetophonvs whereas the 
Vedalia was reported to be flourishing exceedingly. 

The probable reason for this difficulty is establishing Cryptoehaium^ and for its 
very slow rate of spread, has been suggested above. 

The story of the astonishing success of Vedalia^ and bow it saved the fortunes 
of the Citrus industry in California, is too well known to need repetition here. 
The result, however, was that no further attention was given to CrypiinduiHumy 
although Riley expressed the opinion that its importance was not yet appreciated ; 
consequently it remained untouched, although it possesses what is, perhaps, one of 
the most remarkable larval forms in the whole of the Diptera. In fact there does 
not seem to have been any reference to it in the literature for the ensuing 
20 years (1890-1911). In all probability its very existence in California was not 
definitely known during the greater part of this time. 

In 1916 Smith and Compere described it as being found in most of the Citrus 
sections of South California inhabited by /csryo, and credited it with a large share 
of the work of contiol^ the whole of which had been previously put down to 
VedMa. As a result of these observations it was introduced into louisiana and 
Florida, through Prof. H. S. Smith, in 1917, and artificial propagation was carried 
out in the latter State during the two succoring years. 

Essig also has pointed out (1926) that in the San Francisco Bay region, where 
the Fsdwia, owing to unfavourable winter climate, has long since died out, the 
scale is kept at a very low numerical status by the activity oi jChrypu>ehcytm^ alone. 
In fact from Prof. Essig’s account, and the writer’s own experience, it 
appears that the control attained in this pai^ of the -State is very nearly, j| -not 
^ite, equal to that occurring in regions where VedaUa is abundant. There 
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seems no doubt titat either of these natural enemies alone is quite capable of 
giving a satisfactory control of Icerya, 

ttir, unfortunately, not sufficient data available to give anything like a 
reliable JSgurc for the average percentage of parasitism over the whole State, and, 
moreover, peiventiige of {wrasitism lueans nothing taken hy itself. It would seem safe 
tossy that in the North it must amount to at least 60 per cent. In Southern Cali- 
fornia the avemge is certainly a good deal lower, perhaps owing to the action of 
Vedalia. Nevertheless even here the insect is of very real value, and in the case of 
isolated infestations not yet discovered by the VeAUdia a |)arasitism of 90 per cent, 
is by no means unusual, the infestation in such cases being very quickly wiped out. 
Smith and Compere record that as far as their observations go the parasite is more 
abundant in scales infesting Acacia trees than in those on Citrus. This may 
well be, for it has been shown in more than one instance among parasitic 
Hyrnenoptera — notably in the case of the chalcid Eacaraia patihetiofea parasitic 
on Tricdeurodeit vaporarioruvt {Speyer, 1929)— that some host-plants exercise a 
povrerful repellent effect resulting in a much lower percentage of parasitism. The 
Icerya is now so much reduced that 1 was uriahle to find enough natural infesta- 
tions to provide any further e\idence in this matter. 

Since Vedalia constitutes, perhaps, the outstanding case of biological control it 
is interesting to 11 nd that there is another ini^ect enemy which is also capable, at 
any rate under certain conditions, of keeping the scale in check satisfactorily. 
Such cases are so rare, when we consider the large number of attempts the 
world over, ti^atit is worth considering whether there may not be some common 
factor or set of factors which makes for success in the two cases. 

The success of Vedalia is usually put down to seven main reasons : — 

(1) It is largcdy independent of climatic conditions ; almost ever) where that 
the host can flourish so can the coccinellid. 

(2) Vedalia is a sf)eciflc predator, a most valuable ty'pe, in that each insect 
attacks many individuals of its prey, destroying each, and thus at once pve- 
venting further damage, but at the same time confining itself to one species. 

(3) Vedalia attacks all stages, from egg to adult. 

(4) The coccinellid is very active and spreads rapidly, while the prey is sedentary. 

(5) It has, roughly, three generations to one of its prey. 

(6) It is exceptionally free from natural enemies. 

(7) Finally the scale is not prolific as scales go ; moreover, it is large, and not 

hidden away in crannies as are ninny smaller scales, witli the result that it 
is easily located by its natural enemies. 

With a moment’s reflection it will lie seen that, with the exception of (2) 
and (3), these also apply to Oryptochoetum. In the first place it seems, if 
anything, more tolerant of low tem|>emtures than Vedalia, True, it is at a dis- 
advantage in that each individual parasite only destroys a single host, but it is 
absolutely specific to one species of host, and the scale is nearly always destroyed 
before the reproductive stage has been attained. 

With regard to the third point, Cryptoehoeium is definitely at a disadvantage, 
and on (4) the two are about equal. On the fifth count Ovypiochastiim is about 
equal to VedaUa, and also produces about the same number of eggs. Again, 
(^ypiochmiwnh although attacked by secondaries in Australia, was freed from these 
before int^uctiou, and has so far remained unattaoked by parasites in its new 
•nviroBnent. 

It is trae that Cryptoehadmm is at a dii^vantage in that a large number 
of larvm may develop in a single host, but it must be remembered that under 
oonditions of plenty the parasite larv» tend to be more thinly spread over the 



BR. W. H. TBoaRB ON THB BIOLOOT, fOST-lMBRTONIO 


m 

whole infestation. This, however, really works to its advantage when food becomes 
scarce, since then a relatively smtill infesttvtion of the Jeen/a will yield n large 
number of aflult flies capable of spreading widely and seeking out isolnted colonies 
of scale. Under similar conditions but few individuals of VedaUa would rench 
maturity, since each larva requires seveml hosts in order to complete its develop- 
ment, and the numbers would be so reduced that there would be a serious 
danger of their being unable to establish themselves on fresh groups of host. It 
is well known that Vedalia is often liable to local extinction in this way, and 
this difference in life-history of the two ^insects may be one of the reasons why 
Cri/ 2 ^tochastutn is often of great value in seaiohing out and controlling isolated 
batches of scale before Vedalia has succeeded in discovenng them. Vedalia has 
the advantage in that it seems somewhat more stable and less erratic and 
temperamental by nature than does Cryptochcetum which, in common with many 
other Diptei-a, is easily upset as to mating behaviour by slight fluctuations in 
environmental conditions. 

Finally, it should be said that the oviposition of Cryptoctmtum is easily 
interfered with by the various ants, such ns Iridomyrmex and Solenopsis^ which 
often swarm over the coccids, attracted by the honey-dew, whereas Vedalia is 
troubled but little, if at all, in this way. 

From these considerations it can be seen that on theoretical grounds we 
might expect Gnjptoehcetum to be almost as successful a natural check as Vedalia^ 
a conclusion which is completely borne out in practice. 

The Parasites or Gryptocbactim, 

Only two parasites have been recorded on the genus. 

Eurysichia leetophoni (How.), an Elasniid, occui'S on C, icerym or (7. monopltlehi 
in Australia. Although material infected with this parasite was sent over with 
the original introduction, its establishment in California was fortunately 
prevented. 

Pctchyneuron coccorum (L), a Pteromalid, is recorded by Yayssiere as a parasite 
on G. gmndiconie in Europe. Although there are several species of this genus 
in California, at least one of which is very common on Leuoopie^ there are as 
yet no records of it attacking Gryptoehastum. 

The HABira of Imago* 

The adult flies move slowly when on the food-plant of their host, stopping now 
and again to feed on the sugary exudations or ** honey-dew ” whicli the scale 
produces in such abundance, or to investigate one of the hosts. The flight is rapid 
and erratic, and in the cages is seldom long sustained. Activity is at its greatest 
in the early morning, and, at any rate in captivity, ceases almost entirely after 
noon, when the insects will sit perfectly motionless for long periods. 

Gryptoehastum is intolerant of captivity, and it was found next to impossible to 
secure normal behaviour in any except large cages. In small tubes and cages they 
become very restive, and quickly kill themselves by dashing against the glass. 

Duration of life in cages was seldom more than three days, although there was 
always abundance of honey-dew” for them to feed upon. They will also 
readily imbibe sweetened water, and, fed in this way, there is one record of ten days 
(Smith and Compere, 1916). Length of life no doubt depends rery largely on 
temperature, and is almost certainly much greater under natural conditions. 

The sexee are found in appiviximately equal numbers, and although, owing to 
the difficulty of securing oviposition in small cages, a conclusive test was not carried 
out, yet there is no suggestion whatever that parthenogenesie tekes 

Copulation was olmrved fairly frequently, always in the Mioirning, usually 
before 10 A.if. The inale is mounted on the l^k of the female the tip of his 



DEVEXiOPitBNT, AND EOONOMlO IMPOllTANCE OF CETPTOOHAerUM ICSBtJl. 939 

abdomen curved down over here, presumably a case of male vertical pose with 
inverse correlation, as seems to be the general rule among Diptera ; before breaking 
away a false linear pose is often assumed. The male genitalia show the usual 
twist through 360° which is associated with this type of mating. 

Oviposition may commence very soon after emergence, newly-emerged dies 
having well-developed eggs in the oviducts. 

When about to lay, the female walks slowly over scales, moving her antennm 
slightly, but net, as far as could be seen, actually touching the scale with them. 
From various observations it seems clear that she is able to distinguish scales 
which already contain larvae in the later stages of development, and as a rule avoids 
these for oviposition unless the cages are very crowed and un pat's si tised scales 
scarce. Whether this is merely a perception of slightly altered form — the scales 
containing older larv» becoming more convex — or whether some other sense is 
involved is an interesting question which cannot at present be answered. 

It seems fairly certain that most parasites ai'e unable to distinguish unparasi- 
tised from parasitised hosts containing freshly-deposited eggs, even in those cases 
where only a single individual is capable of maturing in each. Cardioehiles 
nigricepB^ an ichneumonid parasite of HeUothu virescena Fab. (Chaml>erlin and 
Tenhet, 1926), ap{)ears to be an exception to this, although the evidence is not 
conclusive. More commonly a female is capable of avoiding hosts in which she 
herself has previously oviposited although she cannot distinguish parasitised hosts 
as such, e. g., PkUygasier hiemalia (Hill, 1925). 

In this connection it is interesting to note that, although the scale Ghiarinia 
aerratidce can never bring to maturity more than one individual of Cryptochcetuni 
grandicomet yet one individual female nuy deposit many eggs in a single host, 
and several young larv» may be found together (Vassiere, 1926). 

Scales which are about half-grown (second instar) are usually chosen for 
oviposition, and from the nature of the case usually female’’ scales — hermaphrodites 
as they are now known bo — are used. It is, however, worth mentioning that in 
one cage in wliich a number of males happened to be produced these were used 
for oviposition, and were later found to contain healthy larvm. 

Oviposition is accomplished very rapidly, the eggs being inserted almost at 
random in the hsemoocsl of the host. Dissections indicate that somewhere about 
200 eggs may be laid by a single female and it seems probable that occasionally 
one female will deposit several eggs at a time, for in one or two cases 1 have found 
a scale on dissection to contain ten or twelve larvae all at exactly the same stage 
of development. One instance was found in which the ovipositor had been 
plunged in in such a way that the gut was penetrated and an egg deposited within 
the mesenteron. 


The £go. 

The egg (text-fig. 5), which is slightly kidney-shaped, is about *19 mm. long 
and *08 mm. across at the widest part, the smallest example being *147 x *075 mm. 
There is a minate funnel-shap^ micropyle at the larger end which easily gets 
broken off in manipulation, and in one or two cases could not be found. The figtii-e 
given by Essig (1926) from Williston has been incorrectly labelled, and depicts not 
the egg, but the third antennal segment of the adult ! 

According to my observations, the duration of this stage is from three to four 
days, but Smith and Oompeie (1916) place it slightly higher — from four to five. 

There is, apparently, a very high mortality in this stage, and eggs with the 
contents brown and shrunken, with a light margin all round, were frequently 

* Taysifitie, tdming to C. srondieoms, says : ** Je ae pease pas qae le nombre d'osafs dSposSs 
par aae seiile ImaDe soii amsi oonslddiable et d^^se la disaiae.*' This oaa hardly be oorreet, 
Idr I have myself diaseeted a fsmiJe ffmaS/karna wldoh eoatsined iq^vnurds of 290 w^-devsloped 
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Observed. In one case in which counts were made from a natural infestation, 
dead eggs amounted to nearly 20 per cent, of the total number laid, l .was unable 
to find any particular reason for this, although it is a common and important factor 
in the natural mortality of many insects. Lack of fertilization may conceivably 
be the cause. 

During development the egg increases very considerably in size, presumably 
absorbing water and food<material from the body- fluids of the host in which it is 


Text-figure 6. 
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bathed, after the manner of the eggs of many parasitic Hyinenoptei-a. Thus the 
egg nearly ready to hatch may measure as much as *31 mm. x *138 mm. 

Numerous attempts to observe the different embryonic stages and the 
emergence of the primary larva by dissecting out freshly-laid eggs and placing 
them in sterile hanging-drop cultures were failures. Pure host-blood could not be 
used owing to its rapid coagulation and its opacity, but equal mixtures of blood 
and *75 per cent. NaCl, or salt solution alone gave no results. 

The First Stage Lahya. 

The newly-hafcched first stage larva (PI. I. fig. 1) is of a very remarkable type. 
It is little more than a cylindrical transparent sac *3-'4 mtn. in length and slightly 
curved ventrally. Some specimens show no trace of segmentation whatever, while 
others show a mere suggestion of transverse constriction in the anterior region 
only. Posteriorly the body terminates in a pair of large finger-like diverticula of 
about *35 mm., making a total length of '65-*75 mm. These are simply lobes of 
the body-wall containing blood, the cavity of each being continuous with the 
hsemocoel. 

The cuticle is extremely thin, and is smooth save for a slight scar at the anterior 
end, which marks the position of the future mouth-opening. Careful search failed 
to reveal any sense organs. 

Ohitinised mouth-parts are lacking, and there is apparently no mouth-opening. 
Certainly no food is taken into the gut. 

Tlie larva is incapable of movement, and cuticular muscles are as yet 
undeveloped. 

The larva is completely apneustie and atraoheate, and no trace of heart, heart- 
beat, or blood circulation could be seen. 

The gut is complete, and runs straight from end to end of the body. The fore 
gut is apparently closed and without an opening into the mid gut, and no salivary 
glands could be observed. The mid gut is seen to be distends with a clear fluid 
and shows regular peristaltic contractions — the only movement the laiira ever 
shows. The junction with the hind gut is marked by short stout lobes, whkh 
^present the malpighian tubes. The prootodmum ,|s^ closed, hamg no through 
coxmection with the cavity of the mid gut, but whetW an emeu mum exists oould 
not be determined for certain, although no traces of one could be seen. 
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One of the most striking features of the larva in this and in later stages is the 
large size of the nuclei of the hypodermal cells in the tails, which are easily visible 
even in unstained specimens. 

The duration of tl»e first singe couhl not be determined exactly, but it is very 
short, being almost certainly not more than two days. During this period growth 
is rapid, the total length of the larva increasing from about *7 to *94 mm. 

The Second Stage Larva. 

The second stage larva (PI. 1. fig. 2) is about 1*02 mm, long. 

The body is curved into a slight 8-shape, tapers at both ends, and is now 
divided into ten fairly distinct segments, the diameter being greatest at nur^ers 
3 and 4. At the anterior end there is now an open mouth with strongly chitinized 
mouth-parts, which nre in constant motion. Sense organs are present, and 
are similar to those described for the third stage larva. The cuticle is delicate 
and transpirent, and the first four segments are without cnticiilar processes. The 
5th segment l>enr.s a few short, pointed, chitinous filamonte, chiefly on the dorsal 


're\t-figure 6. 



Second instor larva, montb-parte. Potash preparation. 

D. Dentate solerite. Ifd. Mandibular solerite. Ph, Pharyngeal sclerite. 


side, and each of the remaining segments beat's a complete ring of these. Segments 
6, 7, and 8 have a single row on the posterior bonier of the segment, with 
supernumerary ones on the ventral surface, while segments 9 and 10 have a large 
number, covering almost the whole surface. 

The tails are very variable in shape, and a little less than the body in length. 
At the base, and sometimes in the middle region, they are distended with blood, 
as in the first stage, while towards the tips there is no lumen, the tail there consist- 
ing of a solid string of hypodermal cells. 

Besides the mouth-part muscles, which will be described in connection with the 
next stage, a certain number of longitudinal segmental muscles are now developed 
which enable tlie larva to straighten itself or accentuate the S-curve to a slight 
degree. This is the only movement ever seen, and transverse segmental muscles 
are lacking. 

A simple apneustic tracheal system is developed during this stage, and consists 
of two longitudinal tracheal trunks with little or no brandling, extending from 
segment 1 to the posterior border of segment 10. No transverse commissures 
are present. In one or two instances no tracheal system could be observed, these 
presumably being younger larvie in which the trunks had not yet become filled 
with gas. 

t«atsr in tdia second larval stage each tracheal trunk sends fine branches, usually 
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six in number, into toe broad open base of each tail, where they lie in somewhat 
tangled ooils. 

The mouth-parts (text- fig. 6) are well sclerotised, and consist of a trough-like 
pharyngeal sclerite, paired mandibular sclerites fused together in the median 

Text-figure 7. 



Structure of tails in second instar. 

ventral line, and thus working in unison, and a dentate sclerite. The extent of 
sclerotisation seems rather variable, so that it is often difficult to be certain of the 
exact shape of the pieces. This is easily understood in view of the fact that 
these structures are developed during this instar. The figure was drawn after 


Text-figure 8. 



Entry of trachees into tails. Early third instar. 

treatment for a short while with cold, strong, KOH, There is no essential 
difiTerence in the mode of action of the mouth-apparatus between this and the 
following stage, which is described in detail. 

The mid haf now incresaed slightly in length, but the junction of mu} and 
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hind gilt is still closed. Salivary glands are now present, but no heart-beat or 
blood -flow, other than that caused by the movements of the body or gut} could be 
observed. In general the internal anatomy is closely similar to that of the third 
stage, which is described below. 

This stage also is of short duration, probably about three days, or a little longer. 
There is little variation in size, for there seems to be little gi'owth during this 
instar, most of the energies of the organism being occupied in building up the 
various organs of a typical dipterous larva — tracheal, circulatory, nervous, and 
excretory systems, as well as mouth-parts and muscles. 

The measurements of this stage at'e as follows (12 specimens) : — 

Smallest. Aremge. Larsest. 

Body length *52 mm. *54 mm, *6 mm. 

Tail length *28 „ *45 „ *49 „ 

Total length — *82-1*05 mm. — 

Mouth-parts : - 

Pharyngeal solerite, length — *087 mm. (*066-* 11 7). — 

Mandibular „ „ — *027 „ — 

Dentate „ „ . — *024 „ — 

Filaments on posterior abdominal segments 
Average length about *015 mm. 

Tub ITiiiiD Stage Larva. 

7’Ae External Featurea, 

The body of the third instar larva (PL I. fig. 3) is of the same general appearance 
as that of the stage just described, but the S-curve is more pronounc^. The 
tails are actually and relatively very much longer. They are usually from times 
to twice the length of the body, but are variable; occasion nl specimens are found 
having them very much larger still. Apart from the broad basal part, they are of 
even diameter throughout, although now and again early third stage larva are found 
which are exceptions to this, having the tails as in the second instar. They are very 
fragile, and it is a difiicult matter to dissect them out without injury. The mouth- 
parts are larger and somewliat difierent in shape, as the measurements given below 
will show, and provide a satisfactory means of distinguishing the diflferent stages. 
The abdominal filaments are longer and are present on segments 5-10, with in 
some cases a few situated on the venti*al side of segment 4. 

This stage is of much longer duration than the two previous ones, amounting 
in all probsibility to ten or twelve days. A considerable amount of growth takes 
place as is indicated by the great variation in the size of the body, the mouth-part' 
sclerites beiug, of course, constant in measurement and showing very little variation. 

The larva is capable of a little more movement than its predecessor, although 
of the same type, transverse segmental muscles still being absent. 

Third Stage harm \ — MeMuremente {material unlimited). 

Smallest. Averafe (12 larvm). Laxigrest. 


Body length *69 mm. 1*80 mm. 2*25 mm. 

Tail length *65 „ 1*42 „ (oiroa) 4*35 „ 

Total length 1*4 „ 2*72 „ (oirea) 6*60 „ 

Mouth-parta : — 

Pharyngeal aolerite *156 „ T69 „ *182 „ 

Ifondihular „ — *043 „ — 

Dentate „ — *043 „ 


Filamenta on poaterior segmenta 
Average length about *11*~T2 mm, 
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Tha SnnMe Otgam. 

On the dorsal surface of the head is a pair of large sense organs (PL II. fig. 1), 
the antmncK (-022 inin. in length), consisting of a single segment, bearing three 
seta^ at the apex. The maxiUary palps are situated between the antenna and 
the labral fringe. 

' Each palp is twO'Segmented, and bears at its apex two sensory tubercles, one 
about twice as large as the other. 

The upper and lower 'Mips” are fringed with long filaments which move in 
unison with the manibular and dentate sclerite respectively. 

A pair of single segmented labial palps, broad at the base and tapeiing to the 
apex, are situated ventrally immediately behind the mouth, often obscured by the 
mouth-fringes. They bear a few large set® at the apex, with lesser ones visible on 
the sides. 

A pair of conspicuous sense organs is situated on the dorsal surface of the Ist 
segment. Tliese organs consist of simple tubercles *009 mm. in length, with one 
or two conspicuous setse at their base. They appai-ently coirespond to the accessory 
sense organ described by De Meijere. 

On the ventral surface of this same segment, situated far forward, immediately 
behind the labial palps, a pair of simple tubercles can be seen. 

These apparently correspond to “ Keilin’s organ,” and similar structures are 
found on the ventral surface of segments 2 and 3 about mid -way between the 
iutersegmental furrows. They difier from those on segment 1 by their smaller 
size (*0065 mm.). In the majority of cases in which these organs have hitherto 
been described they consist of groups of four long hairs, in some cases raised on a 
tubercle, but more often on a level with the body* surface, so that the type found in 
Cr}/ptochcBtum is unusual. 

The Bueco ph4Ji,ryii(feal Apparatus and its Muscles, (PI. II. fig. 1.) 

The mouth ’parts differ only in minor details from those of the previous instar. 
Tlie mandibular and dentate sclerites are larger and more sharply pointed, and the 
pharyngeal sclerite is very much longer. 

* The trough which forms the greater part of the pharyngeal sclerite is, of 
course, the heavily sclerotised and pigmented ventral v\all of the oesophagus. 
Anteriorly it is sclerotised for a very short distance doi-sally, ns well as ventrally, 
in tho region of the hypostonial sclerite, but further Imck the dorsal wall is 
pliable, and e.aii bo expanded by the action of the pharyngeal dilator muscles which 
are attixched above to the over-arching plate-like arms of the pharyngeal sclerite, 
the whole apparatus tlius acting as a suction pump. 

Posteriorly the pharyngeal sclerite dilates to form two lateral wings which serve 
for the attachment of the inuscies working the vmndihvlar and dentate sclerites. 

As before, the mandibular sclerites are capable of independent movement, while 
the dentate sclerites* (" arc median ventral” of Keilin) are fused togetlier in the 
meilian ventral line. The latter hear a row of minute teeth on the anterior 
edge, and thus form a heavily sclerotised serrate lower lip. The cuticle 
round the mouth is split into long filaments which form fringed upper and 
lower lips attached to the main hooks of the mandibular and dentate sclerites 
respectively ; they thus move with the mouth-hooks, and seem to have the effect of 
drawing in a current of the liquid medium upon which the larva subsists. 

In the median line, projecting from the floor of the mouth, is a tongue-like 
structure fringed in tlie same way and lacking sclerotisation, but capable of 
independent movement. If the living larva be watched under a high pow er of 
the microscope it is seen to be alternately protruded and retracted, apparently thus 

* Ponbtfnlly homologoiui with daniato s<divi^ 
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acting, in conjunction with the fringed mouth-parts and the pharyngeal dilator 
muscleji, in producing an inward flow of food. 

The hy^wsiomal aclerite of Hewitt (“piece i n termed ia re ” of Keilin) is not 
present as a separate structure, but is fused on to tlie front of the pharyngeal 
sclerite, its position being indicated by the point of entry of the common duct of 
the salivary glands. 

The hypopharyngeal pliite (of Pantel, Thompson, etc.) is very small, and lies in 
the median line between the front end of the pharyngeal and the dentate. 

The epipharyngeal plates (of Pantel) have not been observed in this stage, 
altliough they are easily seen in the final instar, and will be described thereunder. 

I have purposely refrained from using the terms “ mentum ” and “cardo,’’ 
used by Do Meijere in his description of tho larva of Drosophila fmuhris^ as there 
seems no justification whatever for supposing the plates of the pharyngeal skeleton 
to be homologous with structures found in adult Diptera or in other insects. 

The floor of the pharynx is devoid of grooves, and is typical of a carnivorous as 
opposed to a saprophagoiis larva. 

The bucco-pharyngeal apparatus is provided with a complex set of muscles. 
The whole complex can be thrust forward by means of two pairs of muscles, the 
dorsal and lateral cephalic protractors. The first pair is attached on either side of 
the mid-dorsal line of the first segment, and runs to the posterior dorsal edges of the 
<1orsal wing-plates. A separate pharyngeal depressor 1ms not been observed. I'he 
lateral cephalic protractors (“ ventral cephalic protractor” of Hewitt) run obliquely 
from the lateral margins of the doi'sal wing-plates to the ventral part of the 
anterior margin of the first segment. The mandibular sclentes are worked by two 
pairs of muscles, the inaudihular extensors and flexors^ which are attached respec- 
tively to the dorso-lateral ri<lge and to the ventro- lateral part of the lateral plates. 
Both are broa<l at the base and narrow to a tendon-like insertion, those of the 
former jiair passing over the lateral edges of the front end of the plmrjmgeal 
sclerite. Two similar pairs of muscles, probably equivalent to the “ labial retractors ” 
of Thofnpson, operate the dentate sclerite. They are inserted on the ventral part 
of the lateral plates, and probably correspond in part to the incorrectly-named 
“stomal dilator” and “mandibular depressor” group.s of Hewitt. In addition, 
there is a muscle which runs from the mid- dorsal region of the body-wall, near the 
attachment of the dorsal cephalic protractors, the exact insertit^n of which has not 
been made out, but in all probability it coiTcsponds to the “ labial elevator ” of 
Tliompson, and is inserted on the dorsal wmll of the pharynx. Finally, there is a 
pair of delujate muscles inserted far back on tho mid-ventral portion of the 
pharyngeal sclerite, the anterior end of which appears to attach to the floor of the 
buccal chamber, and which is probably concerned with the movements of the 
median tongue like structure described above. 

A set of internal phmryngeal muscles are attached dorsally to the over-arching 
inner sides of the dorsal wing-places and ventrally to the dorsal wall of the 
pharynx, Tho wliole “head” of the larva am be withdrawn by moans of the 
cephalic retractors, which consist of six or seven pairs of muscles attached to the 
posterior margin of the “ head,” and comprising the ventral longitudinal and 
oblique muscles of the first two post-cephalic segments. 

The Ahilo7nen. 

Ihe External Features* 

The numerous filaments px^sent on the last six body segments deserve special 
mention. They are chitinous structures, annular at the base, with a narrow centiul 
cavity extending not more than one-third of the way up. All the rest is solid 
cbitin, which stains strongly in hcematoxylin and iii Mann’s Methyl blue-Eosin 
formula. There do not seem to be any special hypodermal cells associated with 

Plfcoo. ZooL. Soo. — 1980, No. LXI, 61 
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these filaments, and there is no suggestion o! their being sensory. Their mode of 
attachment is shown in text*fig. 18. 

It is difficult to suggest any poMible function for them. At first sight it might 
seem thAt they were of value in increasing the area of surface of the larva, thus 
allowing of more efficient cutaneous respiration ; but since they are chiefly solid 
chitin, it is difficult to see how they can be of much use in this respect. 

The tails, which terminate the body, conhist, as in the previous instars, of lobes 
of the body-wall covered with a chitinous cuticle of about 5 in thickness. 
Typically in the thii-d instnr they are strongly dilated at the base, where their 
width is equal to that of the last abdominal segment, but throughout the remainder 
of their length they consist of a long narrow tube about *03-*04 mm. in diameter, 
with a blood-space x*eaching to the extremity. 

The hypodermis of the tails consists of a single layer of cells with relatively 
enormous nuclei (diameter 22-32/4). At the base the cell- walls are easily 
seen both in sections and in entire mounts, but nearer the tip, in the tubular 


Text-figure 9. 



Transverse section of tail of third instar larva, stained methylene blue-eosin, 
showing a secretory phase (oil imm.). 

B. Blood space. Hy, Hypodermis. I. Traohete. N, Nuclei. 

regions of the structure, I have been unable to distinguish them — the tissue 
having the appearance of a syncytium— and in this region the nuclei are con- 
siderably smaller. The nuclei are in many cases highly vacuolated. They pi*oject 
into the cavity of the organ as shown in (PI. IV. fig. 1). 

In one or two instances, sections (text-fig. 9) show a ** secretory phase,” 
globules of material, staining in a way very similar to the cytoplasm itself, 
projecting from the inner surface of the hypodermis into tlie lumen of the tail. 
The possible significance of this is discussed elsewhere in this paper. 

There are no muscles, so the tails are incapable of independent movement ; they 
merely float at random among the organs of the host. 

The cavity is filled with blood, but as there are no pulsatile organs connected 
with the structure, there is no bloc^-movement other than a slight ebb and flow 
due to the movements of the body of the larva. 

As mentioned In connection with the left instar^ each tracheal trunk sends a 
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number of fine branches into the dilated base of the tail. Not infrequently the 
early third stage larvte have the tails of the second stage type, in which case the 
trochee are seen looped and coiled in the basal region (text-fig. 8), but normally 
with the opening of the lumen of the tail throughout its entire length the tracheae 
are carried down with the inflowing blood, extending, as a rule, for about two-thirds 
the length of the organ. They do not branch, and end blindly. The usual number 
is six in each tail, althougii eight, and in one case ten, have been observed. They 
have a diameter of about 3 /i, and are of the moniliform type described in certain 
tachinid larvie (Thompson, 1928). When filled with air they have the appearance 
of a string of b^ds, and the same structure can easily bo seen in sections (PI. IV. 
fig. 2). 

The Tracheal System. 

The tracheal system of the third stage larva (PI. T. fig. 4) consists of two main 
tracheal trunks running the length of the body and giving ofli* a number (usually 
six) of fine branches into each tail, as already described. 

There is a dense subcuticular network of fine tracheal branches originating 
from the main trunks in each segment. A well-developed transverse commissure 
is present in the last segment, and two rather slight ones in the fore part of tlie 
body. There are no spiracles. 

The Fourth Stage Larva. 

The External Features. 

The fourth stage larva (PI. I. fig. 6) is very difierent from any of the previous 
stages both in appearance and in mode of life. It is an ovoid yellowish- white 
maggot, tapering shortly towards the anterior end. There are ten clearly-marked 
segments behind the head, nos. 5 and 6 having the greatest diameter, each 
bearing a belt of minute spines on the anterior margin, the warzengiirter* 
(De Meijere) or ambulatory setw.” The belts on the first two post-cephalic 
segments are narrower than the rest. 

The tails are an even more striking feature than in the previous instars, since 
they may be as much as 9*3 mm. long. Except at the bases, they are of narrower 
bore, andai’e kinked and irregular. They are brittle and are very easily broken in 
dissection. The gigantic nuclei, space<i out along the tail in irregular fashion, are 
conspicuous even under a hand-lens, since their position is often marked by a 
kink or swelling. 

The larva is now amphipneustic, the spiracles being represented by a pair of 
heavily sclerotised dart-like structures sunk into pits on the front margin of the 
first segment, and a pair of powerful blackish- brown hooks at the hind end of the 
body. 

The muscular system is completely developed, and with the completion of the 
transverse segmental muscles, hitherto lacking, the ]ar\a is capable of as much 
movement as most free-living dipterous larvae. 

Fourth Stage Larva. — Measurements {mateiHal unlimited). 

Smallest. Average (12 larve). Largest. 


Body length 1*8 mm. 2*8 mm. 3*17 mm. 

Tail length (very variable) . — 6*3 „ 9*3 „ 

Total length — Approximately 11 mm. — 

Month-parts 

Phaayngeal solerite *26 nun. — *32 mm. 

91 * 
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The MovAh-parU. 

The cephalic-pharyngeal skeleton (PI. III.) is now more complicated than in 
the previous instar, and in general appearance is more typical of a free-living form. 
Tlie pharyngeal sclerite is relatively shorter, an<l the whole apparatus is of stouter 
construction, although of the same genera! type. The general structure can be 
understood from the diagrams, and only the chief differences will be noted here. 

The inandihlea are much stouter and work diagonally, their points being directed 
inwards and downwards. Between them is seen an isolated boomerang- shaped 
sclerite (PI. III. fig. 1, Med.Dor,Scl.) situited in the roof of the pharynx. 

Below the mandibles, and projecting far forward in front of them, is the 
U’Shaped dentate sclerite^ similar to that of the last instar except that the teeth 
are more strongly developed ; the median ventral part is more heavily sclerotised, 
and the lateral plate-like expansions each bears a circular semi-transparent area. 

The hypopharyngeal eclente is a small, slightly sclerotised plate situated on the 
floor of the pharynx overlapping the orifice of the salivary duct. It is roughly 
triangular in shape, and bears two pale circular areas near its front margin. On 
the roof of the pharynx, slightly in front of this, is seen the ejnpharyngeal 
solerite. It is a small plate similar to the hypopharyngeal in appearance, but 
smaller and, like it, bears two pale spots which are apparently the terminations of 
the epipharyngeal nerve. The dorsal cross-piece, presumably part of the lost 
hypostomal solerite, is very heavily sclerotised, and is conspicuous from above. 

The sense organs of the head and first post-cephalic segment are closely similar 
to those of the third instar and do not require a sepanite description. Segments 
2 and 3 appear to lack the sensory organs present in the second and third stages, 
although the numerous cuticular spines make it very diflSicult to be certain of their 
absence. 

The tracheal system consists of two main longitudinal trunks terminated by 
conspicuous and heavily sclerotised spiracles. As in the previous instnr, there is a 
well-developed posterior commissure in the 10th segment and less clearly defined 
ones anteriorly. Numerous fine branches are given off in each segment to form 
the subcuticular network, while those of the 1 0th segment, which originate from 
the main trunks close to the point of junction with the posterior commissure, 
supply each of the “ tails as before. 

The Spiracles, 

The anterior spiracles (PI. II. fig. 2), seen under low magnification, appear to be 
simple, sharply-pointed, dart-like structures. I'hey are situated each in a deep pit 
which opens on the fore margin of the first post-cephalic segment. 

Under high magnification each spear-like spiracle is seen to consist of a number 
of minute buds, the great majority of which are closely ad pressed to the main axis. 
A few, however, are turned back and project more or less at right angles from the 
shaft. 

The whole structure is so heavily sclerotised and pigmented that it appears, on 
superficial examination, to be completely closed. It is almost certainly non- 
functional as a respiratory organ during the greater part of the laiwal life, since 
it is kept I’etracted *within the spiracular pocket — indeed it seems doubtful if the 
larva has the power of extruding it until nearly ready for pupation. Closer 
examination, however, shows that each bud is hollow, with a very minute 
clear spot at the tip, and sections which pass through the refiexed buds I'eveal a 
very minute aperture. The felt chamber is divided up by numerous thin chitinous 
partitions, giving the whole the appearance of a tube filled with soap-bubbles 
(text-fig. 10). In section the spiracle often appears to be completely closed by 
these structures, but there are probably minute apeHurefi which are not visible 
thus. 

The tracheal trunk, just behind the spiracle, is thrown into a loop, as in 
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Drosophila and other dipterous larvss, thus allowing the spiracle a very consider- 
able amount of movement. Extrusion appears to be accomplished merely by 
pressure on the body-duiils exerted by the transverse and oblique muscles of the 
body- wall, but retraction is eifected by the action of a pair of muscles of the first 
segment, which are attachetl to the hypodermis near the base of the spiracles. 

The structure of the posteiior spiracles is clearly seen from the diagram (PI. II. 
fig. 3.) They are close together on the dorso-posterior surface of the 10th 
segment, and consist of a pair of powerful hook-like structures situated on a pair 
of heavily pigmented chibinous plates. Essentially the structure is very similar to 
that of the anterior ones; the felt-chamber is packed with the same chitinous 
spheres, and numerous buds are present, all of which, liowever, are closely odpressed. 


Text-figure 10. Text-figure 11. 



OSmm. 


Text-figure 12, 



Fig. 10. — Anterior Bpiraclo, fourth stage larva. Transverse section in region of two reflexed buds. 

Otft. Ohitinous lining of same. By. HYpodormis of spiracular pit. R. A refloxcd bud. 
i8. Heavily chitinized wall of the spiracle. 

Fig. 11. — Anterior spiracle, fourth stage larva. Transverse section through base. Lettering as 
text-fig. 10. 

Fig. 12.— Anterior'spiracle, fourth stage larva. Transverse section near tip. Lettering as text- 
fig. 10. Ad* An adpressed bud. 

Instead of being sunk into a pocket, the spiracle is invested in a heavily pigmented 
chitinous sheath, an extention of the plates mentioned above, giving the whole 
hook a fossilised appearance. There seems little question that the posteiior 
spiracles are completely closed. There are thin places in the spiracular wall near 
the apex of each bud, but 1 can find no suggestion of any actual openings. This is 
of p^icular interest since, according to Yayssi^re, the spiracular hooks of 
C. ^niwome each have an opening, and ai*e inserted into one of the main 
tracheis of the host (G* serratulo!), and a similar state of affaira has been recorded 
for (7. ohalyheum (De Meij^re, 19l6, p, 196), No such habit has ever been 
observed in C. ieeryof. 
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The iKTERNAii ANA'IOMt, 

Tlie internnl anatomy of Cryptochmium does not require very detailed treat- 
ment) for in spite of tl^e necnliar mode of life and extraordinary external appearance 
of the larva, the in ten,. I cy< irlmp' s 

type. The description relei. ^rwis ^ated 


The y ... 

The fare gut passes back from the mouth aloner the floor of the trough formed 
by the pharyngeal sclerite. Behind the piiaryngeai iippurabus Liiu msophagus 
narrows suddenly to a diameter of about *02 mm., and continues thus for a short 
distance befoio passing between the cirmm’ceaophageal commiemrea. Immediately 
behind it dilates to form a typical pyriform cesopliageal valve, giving rise, in the 
last larval stage, to a strong peritrophic membrane not discernible previously. 

The mesenteron is larger in diameter, and in structure varies considerably, 
according to the stage of development of the larv.a. In second and early third stage 
it runs almost straight, and diverticula are absent or very slightly developed. In 
the later third stage larvas a pair of gastric ccaca is developed near the anterior end 
ot the mesenteron. Behind the region of tlie cccca the mesenteron is much larger, 
and forms an elongate sac till it narrows again at its junction with the 
proctodseum. 

In the last larval stage the mid gut is much longer and is highly convoluted. 

From the histological point of view the mid intestiiui does not require any very 
detailed description. The wall is composed of a single layer of epitiielial cells 
of rather large size, and with the cell-walls somewhat indistinct. Externally there 
is a fine muscle layer. 

In third stage larvte the cells are for the most part flattened to form a pavement 
with a thickness of about 12-14 ft, the nuclei having a diameter of from 4-6 ft. The 
cytoplasm is homogeneous and the cell shows veiy little sign of secretory activity. 

In the fourth stage larva the anterior region of the gut has a very similar 
structure. It Ls often greatly distended, and the cells consequently flattened and 
attenuated. In contrast to the thrd st^ige lar\a, the cytoplasm is often highly 
vacuolated. Further back much larger cells, having a diameter of 20-30 ft, are to 
bo found, each cell bulging into the lumen of tlie intestine. The cytoplasm here 
is strongly vacuolated and shows signs of great activity. The nuclei have a 
diameter of about 8 ft. 

The most striking difference between the third and fourth stage larvsB as regards 
the histology of the mid gut is in the great secretory and absorptive activity 
displayed by the cells in the latter case. It seems reasonable to assume that this 
is connected with the change from a diet consisting almost entirely of blood and 
pre-digested food to one of fat body and oilier tissues. It roughly coincides with 
a relative decrease in size of the salivary glands. Up to now the salivary fluid alone 
has been suflicient, but when the tissues themselves are devoured, digestive ferments 
of a different type are required. 

The groups of small replacement cells described for so many dipterous larvce 
and other insects have not been detected. 

Posteriorly the miS gut narrows towards its point of junction with the hind 
gut in the 9th segment. The lumen becomes exceedingly small and is Anally lost 
(text-fig. 13 and PJ. V. fig. 2), the mesenteron being completely closed posteriorly. 
It ends as a strand of cells attached to the wall of one of the malpighian tubes at 
the point where it enters the anterior end of the hind gut. 

In the fourth instar the gut is open throughout its length, and deffiscation 
is frequently observed. 

The hind gut is widened anteriorly to receive tiie large malpighiaa tubes. It 
runs straight from the blind end of the mesenteron to the anus, which is situated 
between the tails. It is lined by a delicate ohitinous membrane. tQie four 
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i ^ v^iie anterior end by a pair of ducts, the large 

terminal cells of which project far into the iumen, almost filing it. 

Text-figure 13. 


// r 



•/mm. 


TransverBe section of an early third stage larva at the region of closure of mid gut ; showing 
also soctioiiH of the abdominal filaments and their mode of attachment. 

A,F, Abdominal filaments. H. Heart. L,M» Developing longitudinal muscles. M, Mid gut. 

r. Malpighian tubules. 

The wall of the hind gut is composed of from one to three layers of small cells 
with relatively rather large nuclei. 

Circular muscles are very slightly developed in the third instar, but are con- 
spicuous in the last larval stage. They are external to the basement membrane, 
and not iutmcellular as in Cidliphora (Perez, 1910). 

The Malpighian Tahules, 

The malpighian tubules are four in number, and, as is usual with dipterous 
larvce, are arranged in two pairs, each with a very short common duct. Tlie 
longer pair ruins forward to the region of the 7th segment, where each tube 
doubles back on itself for a short distance before ending blindly. The other pair 
is much shorter, and lies chiefiy in the 9th segment. The tubes are of approxi- 
mately even diameter throughout, and are very uniform in structure. Each in 
section is shown to be composed of a ring of tw^o or three cells, which are about 
12 ft in diameter, with large nuclei, in general appearance and staining reactions 
much like those of the salivary gland. The recurrent portion is not dilated and 
thin-walled as it is in Drosophila and many Muscids, and nothing in the nature of 
calcospherites could be observed. 

The blind end of each anterior tubule is connected to the dorsal body-wall by a 
fine branch of one of the alary muscles of the heart (text-fig. 16). Similar muscle- 
connections have been observed by Pante! for Ftychoptera and by Eastham (1925) 
for Drosophila, 

In the last Urwal stage the tubes are relatively very short, as little or no 
increase in length takes pkce. 

The Salwary Qlwnds, 

A. pair of simple tubular salivary glands is present extending from the region . 
of the CBSophageal commissure as far back as the end of the ventral nerve mass. 
From each gland a duct of about 4 /a in diameter runs forward to join its fellow 
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beneath the pharyngeal sclerite. The common duct is vety short, and almost 
immediately empties itself into the floor of the pharynx immediately behind the 
hypopkarymjeal plate. 

The anterior part of each gland is tubular and fairly nariow, having a lumen 
of about 26 p in diameter. The wall of the gland is thick, and shows in transverse 


Text-figure 14. 



'fmm. 

Longitudinal section through the terminal portion of salivary glsnd 
of early third stage larva 


section as a ring of three to five or more large cells, about 1 2/x across, with large nuclei 
(9 /a). Further back the gland usually dilates to form a large thin-walled sac 
(text-fig. 14) distended with a fluid which stains a briglit pink with eosin. 
Different individuals seem to vary a good deal in the degree of distension and the 
consequent thickness of the wall, but the sac may be as much as 50 /i in diameter, 


Text-figure 15. 



'fmm, 

t — - " ' ■ — 1 

Transverse section of salivary gland of last stage larva, stained methyl blue-eosiu, 

C. Ohitinous lining to gland. Jf. Highly vacuolated uncleo us. Nucleus of sheath. 

when it forms a most striking object in sections. The thin walls of the sac (2-3 p 
or less : are composed of the cytoplasm of the cells, the large nuclei being seen as 
excrescences on the exterior of the gland. This dilation is more marked in the 
second and early third stages than in the Lite third stage. 

In the last larval stage the gland is relatively smaller, being tubular and thick- 
walled throughout, with the lumen often quite small. 
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The large size of the gland in the earlier Btages, an mentioned above, is 
probably connected with the quiescent state of the mid-gut epithelium at this time. 

Sections of the gland of the last stage larva (text-fig. 15) fail to show any intra- 
cellular ducts such as are described by Frew (1923) in Forcipoinyia, The gland is 
lined by a chitinous layer, and in occasional sections the nuclei of the sheath 
described by Keilin (1917) are to be seen. In many sections, however, this sheath 
cannot be distinguished, and it does not seem to envelop the whole gland. It is 
not fibrous as it is in the carnivorous Aiithomyids and the Syrphids. 

The nuclei^f the glandular epithelium are very large and the chromatin bands 
are convoluted. The nucleolus is relatively enormous, and in some instances is 
highly vacuolated. 

The CfCnocytes. 

The oenocyctes (PI. IV. fig. 4) are found as paired groups of tightly-packed 
spherical or somewhat pyriform cells arranged spginentnlly. Each group comprises 
some 15 to 39 cells lying in clo.'.e associ.-ition with the liyporlermis about midway 
along the lateral margin of each segment from IV. to X. The ceils vary from 
30-35 fk in diameter, with a nucleus of about 12 /t across. These are mono-nucleate, 
with a large amount of cytoplasm wliich is slightly \acuolated, and the cell-walls 
are very distinct. Nothing in the nature of the projecting buhble-hke A’acuoles 
de.scribed by Kreuscher ( 1 922) in Dyiiacus and by Eastham in Phtenoserphiia 
could be observed. Each groii[> of cells is .seen to be closely associated with one or 
two tine trachea) of the moniliform type, from which numerous tracheolespenetiate 
the cells themselves Nothing corresponding to the radiating secretory canals 
described by Kreuscher could he seen. 

The fat bofly is little in evidence before tlic final instar, Jn the second and tliird 
stages it is represented hy a few loose strands of tissue chieiiy noticeable in the 
region of the pharyngeal mass, and contains little or nothing in the way of fat or 
other stored-food materia). Sections of larvsB at this time often appear almost 
“ empty,’* owing to the almost conqdete absence of fat body and the slight develop- 
ment of the muscular system. 

During the last larval stage, wlion great quantities of the fat body and other 
tissues of the host are devoured, much fat is stored, and a copious diffuse fat body, 
enveloping the gut and occupying the greater part of the beeiuocoele, is developed. 

The Circulatory System, 

The dreudatory system dififers little from the type which lias often been 
described for Dipten us larvie. The heart pioper is closed posteriorly in the 
anterior part of segment 10, and extends to segment 8. In this region it is wide, 
and is Imrdered by very large pericardial cells (PI. V. fig. 1), and is x*elatively larger 
in the last stage larva than in the previous instars. The nuclei of the wall also 
are large, and project far into the cavity of the heart. The alary muscles send fine 
attachments both to the dorsal wall of the proctodteum and, as has already been 
mentioned, to the malpighian tubules. They are easily observed in the third instiu* 
(text-fig. 16), particularly the curly third, but I have not been able to detect them 
in the fourth, although they may exist. The intermediate region, as usual, is 
much smaller in diameter, and is bordered on either side by a string of very small 
pericardial cells. Beyond tlie level of the (esophageal valve the vessel slo()es 
downward and, passing through a group of small cells which constitute Weismann’s 
ring, lies in the groove between the supraOBSophageal ganglia. Beyond this point 
I am unable to trace it. 

Tlie circulatory system appears, from sections, to be completely developed by the 
end of the second larval stage, but 1 have never been able to observe it in action 
before the beginning of the final instar. 
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This is all the more curious in consideratioD of the large number of ezpeiTments 
that were carried out on living larvaB, when the heart-beat should have been easily 
observed, for in the fourth stage, although the cuticle is thicker and more opaque, 
and the fat body more extensive, the heart- beat can easily be seen, the contraction 
of the dorsnl vessel being visible as far forward as the 3rd post cephalic segment. 

Text-figure 16. 


/f. 



Transverse section of early third stagre, showing attachment of alary muscles to 
malpighian tubnles. 

H. Heart. Hy. Hypodermis. Ifp.T. Malpighian tubules. M.Q. Mid gut. 

Indeed, until sections were cut it was supposed that the heart remained unde- 
veloped till the last iiistar. It may be that, although fully developed, it does 
not become functional before, the slight contractions of the muscles of the body- 
wall and the movements of the gut keeping the fluids sufliciently in motion. 

The Ne»*vom System, 

The nervous system consists of a small supm-msophageal ganglion, the two lobes 
of which are divided by a deep median furrow and a laige ventral nerve-mass or 
sub-oesophageal ganglion, connected by broad lateral commissures, just in front of 
the fBSOphageal valve. The ventral nerve mass extends back as far as the posterior 
margin of the 5th segment. The lobes of the supm-oesopbageal ganglion project 
backward slightly above and on either side of the oesophageal valve. 

Habits of Laryjs. 

The first stage larva, being incapable of movement, floats in the body-fluids 
of the scale, and, since the eggs are laid more or less at i*andom, may be 
found in almost any paH of the host’s haemoccele. The food consists solely of 
substances absorbed directly througli the very delicate cuticle. 

Although, owing to the short duration of this stage larva and to the difficulty of 
finding it, sections through the fore gut were not obtained, yet the fact that it is 
closed seems established beyond doubt for the following reasons (a) Examination 
of whole larvBB, stained and unstained, under high power, failed to reveal any trace 
of opening, only a raised ‘‘scar” being present. (5) Mouth-parts are lacking, 
(c) The gut never contains any food material ; when blood is taken in by the second 
stage larva it is easily visible owing to its colour, (df) When living larvie were 
placed in normal salt solution and watched under high ^wer no movement of the 
fluid in the vicinity of the head ” could be observed, although the peristaltic 
movements of the mesenteron were going on vigeroosly the whole time. 

Since one of the main functions of the blood of insects is that of transport of the 
products of digestion to the various organs, it is doubtful whether the parasite at 
this stage has any need of digestive enzymes. As long as the larva is minute and 
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the proportion of surface to volume is high, the tissues of the larva can probably 
absorb all the food materials required, direct from their host’s blood. In the 
CryptOGhaetum larva, too, the method is probably rendered all the more efficient by 
reason of the large additional surface area presented by the two posterior lobes. 

The reason for the peristaltic gut movement described above is obscure. The 
most likely explanation appears to be that the gut movements are of value in 
keeping the fluids of the larva in motion, thus serving, in a very rough-and-ready 
way, the function of the missing heart—an arrangement which suffices in many 
small Crustacea (Ostracoda, Copepoda) in which the heart is lacking. 

The duration of this stage, though not exactly known, probably does not exceed 
two days. 

In the second stage the mo<le of life is very simitar, save that the food is absorbed 
by the mouth, which is now open, and which is equipped with well-developed 
mouth-parts. Owing to the orange-red colour of the blood of the Tcerya^ it is quite 
easy to see when the larva begins to take in food through the mouth, as the yellow 
fluid is clearly visible in the mid gut. The motion of the mouth-hooks and their 
fringed lips, together with the sucking action of the pharynx, the mode of action 
of which is described in detail in connection with the next larval stage, serves to 
draw in the food-material. 

The food during this stage consists of blood with, perhaps, a certain amount of 
fat body digested externally, although the gut never contains any solid food. 

The larva is still practically incapable of body movements, although it can, no 
<1oubt, shift its position slightly by means of the mouth-liooks. The duration of 
tins stage is probably not more than three days. 

The third stage is of mucli longer duration, in all probability three or four times 
that of the first aud second. 

Since tlie longitudinal muscles of the body-segments are now well developed, 
there is more movement, the oral segments being alternately withdrawn and pro- 
truded. The body movements consist of an alternative straiglitening and curving, 
increasing and deci’ensing the normal S-sbape. Owing to the absence of transverse 
muscles, jKn-isbiltic movements of the bod}^ are ncit yet possible. The food during 
this stage is much the same as in the previous instar, although fat body is now 
destroyed to a greater degree. Occasionally some of the giant cells (up to 320 p) 
of the salivary glands are ruptured, and sometimes other tissues are injured. This 
is not a regular feeding habit, and if the substance of the tissues is utilized it must 
be by external digestion, since sections fail to show any solid matter in the gut 
and chromatinic material is entirely lacking, although this becomes very con- 
spicuous in the final instar. 

Since the struoture of the tails, with their large tracheal supply, suggested 
tracheal gills, it might be expected that these organs would lie in close proximity 
to the main tracheal trunks of the host or in any part where they would be likely 
to receive a particularly large oxygen supply. Sections of pniasitize<l scale, liow- 
ever, show that they lie looped and twisted at random in the budy-cavity or 
penetmting the fat body, and dissections confirmed this conclusion. Text-fig. 17 
represents a half-grown scale cleared in cedar-wood oil, showing the mouth-parts of 
seven third stage parasite lai'VSD situated in various parts of the host and lying in 
different ^sitions. 

When the paiEsitc enters on its fourth instnr there is a considerable change in 
food habits correlated with the change in structure of the mouth-pails. The host 
is now becoming moribund and the cont<ents of the body less fluid. The mandibles 
of the parasite work diagonally, and the dentate sclerite now has the seiTate edge 
much more strongly developed. This apparently acts as a rasping structure, the 
tissue that is being devoured being pressed against it by the action of the 
mandibles. A great quantity of food is devoured in this stage, the much-coiled 
gut being filled with the bright yellow tissues of the scale. 
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Fat body, muscles, gonads, etc., are devoured, the alimentary canal as a rule 
being left intact till nearly the end, although if the host be a younger scale or 
overcrowded with parasites this does not always hold good. Just as the third stage 
larv£e, if crowded, may injure and kill each other, so now and again one finds cases 
ill which the host's gut has been ruptured, but this is clearly abnormal. 
Defecation now takes place freely. The tough peritrophic membrane surrounding 
the faeces is conspicuous. 

Now that a well-developed muscular system is present, the larv® can move 
easily. The peristaltic contractions of segments enable it to shift its position as 
necessities of food require, and the powerful hook-like posterior spiracles inserted 
into various organs doubtless give a strong purchase for the tearing action of the 
mouth-parts. It seems probable, too, that the lengthy tails, which ai*e often 
inextricably entwined among the internal organs of the scale, also assist in 
this way. 

As has been mentioned above, one case was found in which an egg was laid 
not in the body-cavity, but in the mid gut. This had hatched and developed as 
far as an early third stage larva when it succumbed, perhaps from lack of solid 

Text- figure 17. 


5 

I 


Parasitized scale cleared in cedar-wood oil, showing n)outh-}>arts of seven third stage 
laryie in various positions. 



food. Presumably the liquid semi-digested sap in the gut was as suitable a food 
as the body-fluids of the scale, and only when it should normally have taken to 
devouring fat body was it unable to subsist. It is romarkahle that the develop- 
ment could go so far without being affected by the digestive enzymes of the host. 

As well-developed salivary glands are present from ttie second stage on, it seemed 
possible that external digestion might be taking place. However, a comparison of 
sections of parasitized and healthy scale at the same stage of growth revealed no 
observable difference in the general histology of any organ. There was no trace of 
any phagocytic reaction, nor, of course, is there anything corresponding to the 
inflammatory sheath produced by various insects as a responEe to injury of the 
hypodennis by Tachinid larvae. 

Occiisionally the giant cells of the salivary gland may be destroyed, the larva 
occupying the space thus made available, but this does not seem to be a constant 
result of parflsitism, and has only been observed in one or two cases. As has 
already been mentioned, it is by no means unusual for one female fly to lay several 
eggs in a single host, this being especially true when tlie reai'ing cages become at 
all crowded. The number of larvae which mature depends, ef course, oeu the size of 
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the host, but larvss of the same age do not seem to have any injurious effects upon 
each other, at any rate while in tlie first and second stages, unless they are 
so numerous that there is an actual insufficiency of food. When, however, the third 
stage is reached, and especially when active destruction of the host-tissues 
commences, there seems to be more antagonism, for on several occasions I came 
across batches of third stage larvte with two or three individuals dead and apparently 
mutilated. It seems most likely that when they get too crowded they are liable to 
injure each other in feeding. Tlio iiijured'ones then die, and thus the overcrowding 
is relieved. It is evident that this only happens when there is insufficient food, 
that is, when the larva? are packed too closely, for if the host is capable of 
supporting them a large number will reach maturity without strife. I found one 
dead scale showing the exit holes of fourteen adult flies, and Riley (1889) has 
recorded an instance of seventeen flies emerging fi'om one host, the scale in this 
case being Monophlehua a^aiofordi and the parasite probably C. monopliUhi, 

When, however, larv© of different ages occur together in the same scale, it 
seems quite certain that there is antagonism of some bort, for one very I'urely finds 
living young larvje in the same scale with older larva?. Similar well authenticated 
oases are reooi’ded in the parasitic Hymenoptera (Tiinberlake, 1910; Spencer, 1 926). 
This is, of course, in part due to the tendency of ovipositing females to avoid scales 
alrea<ly containing the more advanced larval stages, but it is not tlie whole 
explanation. If, as sometimes ha^ipens, eggs are laid when third sbige larvae are 
already present, they seldom survive beyond the second instar. It does not seem 
likely that this is a cjise of mech.anical injury. It may be that the older lar\*8e 
secrete some substance which is toxic to the earlier instars; but the most likely and 
the simplest explanation would seem to be that the older larva has so modified the 
internal conditions by its feeding, and later by its defa?«ition, that life is no longer 
possible for the younger, Hy the time the latter reach the fourth stage the host 
may even be moribund. 

Towards the end of the last instar, when feeding is almost complete and the 
larva is preparing to pupate, the anterior spiracles, which have hitherto been 
i*etracted, are frequently thru,st partially out of their pits, as if feeling for the body- 
wall of the host. This movement is appai'ently accomplished by increased pressure 
on the fluids in the fore part of the body, caused by violent contractions of the 
mu.scles of tlie posterior segments. 

The larva moves about in the host till it succeeds in finding a thin region of 
the body-wall through wdiich it can thrust its spiracles. This is generally, though 
not invariably, on tlie lateral margin of tlie scale, the parasite at time of pupation 
lying transversely. The actual position varies according to the size of the scale 
ami the number of parasite.^ contained. 

If, as occasionally happems, there is just a single parasite in a scale too small to 
accommodate more, the full grown larva may so nearly fill the skin of its host that 
it is only possible for it to pupate longitudinally. Also, if a scale contains a large 
number of parasites, there may not be room for all 1o lie transversely and project 
their spiracles through the pleural region of the host, and some wdll have to bo 
content with a diagonal position, piercing the dorsal or ventral surface. 

When a suitable position has been found, the spiracles are tlinist out to their 
fullest extent, projecting right thi-ough the host-skin, and being easily visible 
externally. The fore part of the body is now distended with a clear fluid, and the 
transformation to form a puparium takes place. 

The host, if not already dead, soon succumbs, and the skin shrinks and dries, 
usually adhering closely to the lid of the pan^sito puparium. For reasons which 
are discussed elsewhere in this paper, it seems that the anterior spiracles have 
little (if any) i-espiratory function. They do. however, play a \ery important role 
in the process of pupation in that they make a preliminary break in the host’s 
skin, so that whan the fly is ready to emerge the pressure on the lid from within 
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easily produces a split which enables the insect to escape. The successful emergence 
of the fly is thus seen to depend on the thrusting out of the spiracles through 
a thin portion of the bodj^-wall, such as the pleiu*al region, with the insect lying in 
such a position that, as the skin dries and shrinks, it will be stretched tightly over 
the anterior region of the pupariiiin and adhere closely to it. If this is accom- 
plished, then the raising of the puparial operculum, with its attached ^^spiracular 
horns,” by means of the pressure from the ptilinurn, automatically enlarges the 
split and ensures a means of escape from the host. As in some other Agromyzids 
and in Drosophilids, the operculum does not as a rule break away entirely, but 
remains attached, its posterior border acting as a liinge. It should be noted, how- 
ever, that the operculum is dorsal in position, as in the latter group, and not ventral, 
as is described by Miall and Taylor (1907) for the Holly-fly {Phytomyza). 

Such a method of pupation is unusual, although not unknown, among parasite 
Diptera. The majority of Tachinids leave their host in the last larval stage, but 
Carcellia gnava^ parasitic on MalacoBOvm nmstrm^ is an exception to this, and 
Thompson records that some individuals of MasioBva aenilis Meig. will pupate in 
the dead host, Pyrausta nubilalia^ albhough external pupation is the rule. Among 
the Dexiids, Fortiaia fc&da Meig. pupates in the dead body of its host, 
Liihohiua. 

Since, however, many of the leaf-mining Agromyzidse have learnt to pupate in 
the mines, and emerge in much the same way, in this case the dead cuticle of the 
leaf adhering to the puparium and dehiscing with it, it is not very surprising that 
Cryptochcaium has been able to solve a similar problem. 


The Puparium. 

The external features of the puparium are well shown in text-fig. 18. 

The colour, at first pale yellow, rapidly changes with the hardening process 
to a dark brown, and eventually, as the fly matures, almost to black. The spiracular 
processes are brownish black. Ten segments are clearly visible, the first three 
taking part in the formation of the operculum, which opens on the dorsal surface. 
The line of fracture thus consists of the usual horizontal line of dehiscence plus 
the ascending branch, as in Drosophilids, and not the descending one, ns described 
iov Phytomyzahy Miall and Taylor, thus making the operculum dorsal, not ventral. 
It is, in fact, a misnomer to call many of these flies “ cyclorraph,” and, ns Miall 
pointed out many years ago, the terra is very ambiguous, and, moreover, it is 
uncertain whether it was originally intended to i*efer to the dehiscence of the 
larval or the pupal cuticle. 

The old larval pharyngeal skeleton remains in the pupnriiim, lying on the 
ventral surface just behind the spirncles. Along the side a row of eight slightly 
dark spots, suggestive of spiracles, can bo distinguished. The belts of setie of 
the last larval stage nre still easily visible under a high power with suitable 
lighting. 

The tails, which are now shrunken and brittle, remain attached, although very 
easily broken off in dissection. When they are removed a small scar is visible, 
marking the point of attachment on each side of the anal scar. 

Contrary to what has been described (Keilin, 1921), in various phytophagous 
Agromyzids the stifteiiing of the puparium does not seem to be due to calcium 
carbonate. No effervescence was produced when in contact with hydrochloric 
acid, and prolonged soaking in acid produced no softening. This was also 
found to be the case when Leueopia puparia were tested in the same manner. 
This is correlated with the absence of calcospherites in both these forms, and in 
neither of the insects have I found calcium carbonate in the malpighian tubes. 

The pupa within the puparium shows a pair of pupal spiracles on the anterior 
margin of the prothorax just in fvont of the of the wing-sheaf^s, and almost 
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touching the eyes. They are purely internal, having no connection with any 
aperture in the puparial case. 

The pupal cuticle is very thin and envelops the animal loosely. I was quite 

Text-figure 18. 

fOmm 



Puparium. 


Text-figure 19. 



Lid of Paparium* 


unable to distinguish any pre-pupal stage with a sepamte moult such as is 
described by Snodgrass (1924) in Rhagektis pomoneUa, This is, of course, quite 
a different matter to what is usually called the pie-pupal stage, which is merely 
a period of quiescence without a sqjarate eedysis. 
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Discussion. 

Since in none of the fumilies of flies most closely related to Gryptoehc^um are 
any truly pai*asitic forms known, the study of the elaborate structural and biological 
adaptations of this insect to a parasitic mode of life is the study of a separate and 
restricted lino of evolution of parasitic habits among insects. 

The Primary Larva* 

The lir^t stage lai \ a of Cryptochoetnm the ** embryo larva ” — as it may be called — 
is quite unlike anytliing bliat 1ms liithei*to been described in the order Diptera, 
Although the method of feedingby direct absorption through the cuticle is pamlleled 
by the larva? of Sti ep>iptera* and by the early stages of many TacltinidsB — Thrixion^ 
for example — in no other case is there a complete absence of mouth and inoutli- 
parts. In Thri.vion the food is absorbed through the closed secondary sheath by 
a similar process which Pantel has called “ physiological filtration,” but the larva 
inside the sheath already lias an open mouth and a complete buccal armatui’e. 
(Fabre, it is true, described the fii'St stage larva of the Bombyliid Argyramceha ns 
lacking mo nth -parts, but this, according to Lundbeck (1907), was due to his mis- 
taking the posterior region of the larva, for the head !) 

There is, however, a very remarkable resemblance to tlie first stage larvae of 
certain Hymenopterous egg-parasites. In the Chalciil Polynema, parasitic in the 
ova of Agrioit, the egg liatches out as a flask-shaped sac of cells wliich, after five or 
six days, moults to form the exti*aordinary “ Ifiairiobddla larva ” first described by 
Ganin (1869). Ayres (1884) has also described a similar stage between the 
hatching of the egg and the developineiit of the “spindle-shaped larva” in Teleas. 
He describes it ns a naked completed blastosphere wdiich develops witliout a moult 
into the “ spindle shaped ” or “ teleaform ” larva which he reckons as the first true 
larval stage. He states tlmt embryonic membranes are totally absent. The 
abortive “asexual larva** described by Silvestri (1906) in Litomastix also exhibits 
many points of resemblance to Cryptochcetnm^ notably in the incomplete gut and 
the absence of heart. 

It is generally supposed that the very simple types of larva; which are so 
characteristic of the parasitic Hyinenoptera lune been produced by a tendency to 
emerge from the egg in progressively earlier embryonic condition. It is well known 
that the eggs of many of these forms contain very little yolk, and the individual is 
thus compelled to emerge in a more or less uiidifFeren tinted condition. In the case* 
of parasites in which the larva, on lintcliing, is bathed in a nnirient medium, this 
early emergence has no ill eit’ects, and since for a parasite to have a minute egg, «. e., 
one lacking in yolk, is often a distinct advantage, wo find that the process has been 
carried to extreme lengths. In some instances, sucli a.s those cited above, the 
embryo has no difficulty in continuing its development as n naked embryo in the 
blood of its l)Ost, whereas in others the chorion is capable of great distension, and 
the egg itself grows, the process of absorption of food material often being afFectt'<l 
through the medium of a trophamnion. 

Berlese (1913), as is well known, extended this idea, and supposed the varied 
types of insect hir ® to have been produced merely by eclosion of the embryo at 
different embryonic stages, so that in general the type of larva which emerged upon 
hatching depended upon whether the event took place at the piotopod, polypod, or 
oligopod phases of development, or, in other words, upon the amount of yolk jiresent. 
The theory obviously cannot be pushed too far, for there are many truly adaptive 
characters which arise de novo in insect larvsB, and cannot in any way be described 
as embryonic. 

Again it is of the very essence of animal development that the organs should 

« In the Strepaiptera, although an open nimth is present, food {s apparently never taken hito 
the gat, which is dosed posteriorly (Kase^OV, 1910). 
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develop at different relative rates iii different forms, so that there are bound to be 
many cases in which, while one set of organs has attained a state of differentiation 
characteristic, say, of the oligopod stage, others will have lagged behind and will 
suggest the protopod or polypod stages. 

Nevertheless there is no doubt that the theory, in a general way, throws much 
light on the subject of insect metamorphosis, and it is interesting to consider 
whether the first stage larva of CryptocJmtum can legitimately be assigned to any 
one of the main types. 

There seems little doubt that all the most striking characteristics of the primary 
larva can be described as embryonic. The absence of segmentation, mouth-parts, 
nervous system, sense organs, tracheal system, spiracles, salivary glands, muscles, 
and heart are all clefirly due to premature eclosion, while the incomplete gut and 
the rudimentary malpighian tubules can easily be accounted for in the same way. 
In short, the only structural peculiarity which is not of this order is the pair of 
finger-like lobes at the hind end of the body. The complete absence of segmentation 
in the abdomen and the lack of sense organs and mouth>parts seem sufficient to 
show that this form corresponds to the true protopod stage of Berlese — far earlier 
than any other known Dipterous larva, and approximately equivalent to the later 
primary or early secondary stages of Polynevia or to the intermediate form between 
the naked hlastosphere and the primary “ teleaform type of Teleaa. 

As we should of course expect, the second stage larva shows a completed abdo- 
minal segmentation and afullyAleveloped buccal armature,with the usual senseorgans 
on the “ head ” and thorax. Unfortunately in Dipterathe most important criteria, 
namely, the abdominal appendages, are lacking, and even in many Hymenoptera 
these are so variable in development tliat they cannot be relied upon. However, 
the discovery of polypod larvae by James (1928) in the Cynipidie and by Eastham 
( 1 929) in the Proctotrypi<laa gives very strong reasons for believing that such forms 
a-s the primary larvae of Teleas, Polynmna^ and Eucoila are truly protopod. 

In order to establish definitely the reason for the early eclosion of parasitic 
forms, it would be necessary to show that the eggs of the.se insects contained 
a smaller proportion of yolk than thoNe of their free-living relatives which hatch 
at a later embryonic phase, l^his is no doubt true in Hymenoptera as a wdiole, 
nltbongh with tlie exception of a few outstanding cases, such as some of the 
Proctotrypitl and CJynipid egg-parnsites and the polyembiy onic Cbalcids, roallj’ 
satisfactory information on tin- subject is lacking, and would be very difficult to 
obtain. It is often assumed that the great increase in size of the eggs of many 
parasitic Hymenoptera is due to absorption of food-material, anti is, therefore, 
indicative of lack of yolk, but there is, of course, no evidence to show that this effect 
may not he <lue solely to imbibition of water. 

The egg of OryptochiHum is very minute anti appeal’s to be deficient in )'olk, 
but l>eyond that little can be said, A com pa risen ^witli the egg of the allied fly 
Leiicopia bella^ which, since the newdy-hatched larva is an active free-living 
pretlator, should theoretically contain much more yolk, showed nothing of 
significance, the size of the egg relative to that of the mature larva being almost 
identical with Oryptpchcetum, The relative size of the egg, wliich is, of course, only 
the roughest guide to the amount of yolk present, is all the information that can 
be extracted from the average life-history paper, and is, (lerhaps, of some interest. 
A search through the literature ns to the relation between dimensions of egg and 
of mature larva yielded information concerning some 30 or more species of Diptera 
belonging to 17 families. From this it is clea.r that, while the majority of free- 
living Diptera have a relatively much larger egg than Cryptochostum, there are one 
or two striking exceptions, e.g., Chironomua, l9ie eggs of free-living Muscids and 
of many Nematocera are relatively much larger. 

Among the parasites, some Tachinids have eggs which are relatively much 
smaller than (h^yptoehasium^ although the larvm on emergence are far beyond the 
protopod stckfe. 

pBOO. Zpoi*. Soo,---lfi30, No. LXII, 
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The laitefi* Larvail Stagee, 

The latier larval stages are suiHoientlj similar for them to be considered 
together. It is interesting to attempt to group their various structural characters 
according ns to whether they are relics of a free life, and chai*acteristic of the 
Agromyzidse in general, or whether they are adaptations to a parasitic existence. 

Structures oharacUi'istic of a Free TAfe, 

1. The ambulatory setfe, or ** Warzengiirtel/^ which are found in the final instnr, 
are quite typical of the the Agromyzidce and allied groups, and their function in 
the free-living forms is obvious. It seems equally obvious that they can be of no 
value to Cryptoohcetum, and that they are merely a relic of the ancestral type. 

2 . The larval mouth-parts conform closely to the genera] Agromyzid type, which 
is characterized by a tendency to fusion and a resulting simplicity. The absence 
of a distinct hypostomal is an Agromyzid character^ winch is shared by the 
Oonopidfe and some Ephydridce. Tlie same tendency is also exhibited to a lesser 
degree in the Oscinidm (Meromyza^ C}dorops\ and in the Opomyzids (^BcAioptera)^ 
Frew (1923). On the other hand, the Drosophilidee, Scatomyzidse, Sapromyzida), 
Ortalidse, Trypetidse, and, as far as our knowledge goes, most of the remaining 
Acalyptrate families, approach the more complicated carnivorous Anthomyid 
pattern. The great de\'e]opment of the dentate (bclerite, with its attached muscles, 
may perhaps be regarded as an adaptation to a carnivoimis habit consequent 
upon a parasitic life. No such structure appears to be present in phytophagous 
Agromyzids, and it is also Jacking in Leucopis heUa. Although often well developed 
among carnivorous Anthomyids, it is unusual for it to exist in a truly parasitic 
form. The smooth ventml wall of the pharynx is well known to be characteristic 
of biontophagous as opposed to saprophagous larva). 

3. The digitate s{)iracle, from which that of Cryptochcetum has cleai'ly l>een 
derived by a relatively slight modification, is very characteristic of the Agromyzidie 
and allied groups. 

Structures characteristic of a Farasitie Mode of Life, 

(a) Modifications of Pre-existing Structures, 

1. The slight development of muscles in the early larval stages is correlated 
with the lack of need for any means of locomotion, and is also veiy characteristic 
of many Tachinid larvae. This is commented upon hy Thompson (1928), who states 
that the larva of Digonkhceta appeals almost empty in section, as compared with 
the non-parasitic Miltogramwa, 

2. TJie retention of the apneustic condition till the last larval stage is, ns far as 
1 am aware, unique among the Agromyzidie, although it is the rule for the first 
larval iustnr in this group to lack functional spiracles. The corresponding delay 
in the development of the tracheal system is also worthy of comment, I he general 
build of the spiracles and their resemblance to allied freediving forms have already 
been dealt with. Tiieir heavy sclerotisation to form piercing structures and 
attachment hooks is clearly a modification suited to an endoparasitic life. 

3. The buccal fifaments, while not unique structures, are more highly developed 
in Cryptochmlum than in any other larva known to me, and may possibly be of special 
value to a form subsisting solely on liquid food. 

4. The complete closure of the mesenteron in all but the final instar is a very 
rare condition among Diptera, although it is, of course, common enough in the 
Hymenoptera and throughout the ^europtem Planipenna. In Digonichatea 
(Tachinidse) the mesenteron narrows greatly at the point of junction with the hind 

* Aooording to MiaU A Taylor, kowevor (Tr. IGnt Soo. 1907), it is present in Fhytomymi 
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gut, but no case of complete closure has, so far as 1 know, been recorded within 
the group. The only instances of complete closure previously recorded among the 
Diptera appear to be those in which viviparity takes place, and the whole 
nourishment of tlie larva is obtained from the uterine glands of the mother 
{Glossina and Fv^para), 

The value of such a condition in parasitic forms appears to lie in the fact that 
poisoning of the host by toxic excretory products is avoided for as long a time 
as possible ; moreover, a diet of blood letives little faspal residue, nor in the 
viviparous forms nourished on a special secretion would much waste matter be 
produced. A reason for closure in the Neuroptera is harder to find. 

(b) Production of New StructurcB. 

The only adaptations which can with any certainty be described as new structures 
are the tails and their containoil traclujfe. The sul>cutaneou8 tracheal supply, too, 
is so highly develoi)ed that it might also he included here. The rings of abdominal 
filaments in the second and third .stages have no counterpart in fnH‘-living forms, but 
their purpose is so problematical that perhaps they should not be inclmied among 
adaptations. 

Fespiratory Function of the Tails. 

One of the most striking facts about the biology of C, icerym is the al>sence of 
.any connection between the tracheal system and the outside air during by far the 
greater part of the larval life. Tn this respect it is an exception to the general 
rule among the panrsitic Diptem that, sooner or later in the larval life, connection 
with the atmosphei-ic air or with the tr.icheal system of the host must be made. 

Tlie posterior spiracles, as we have seen, are closed, but the hnds of the anterior 
pair are open, although even so it is a question whetlmr they can he of any value. 

I have never observed them thrust out tbrougii the body-wall of the host until the 
larva is about to pupate, so that atmospheric air cau bo practically ruled out as 
a source of oxygen, nor have I ever seen them inserted into the tracheal trunks of 
the host. 

There remains the possibility that they may from time to time rupture the finer 
trachea? in the tissues of the ho.st and al)Sorb the gasses thus set free, but it seems 
very doubtful if the air absorl)ed in this way can amount to anything but a very 
Miiall pei'centage of the total requirement. 

The ingenious suggestion of Timberlake(1912), made with regard to Limneriuw^ 
that an .appreciable part of the oxygen snp])ly may be derivetl from the enormous 
quantity of tissues devoured, the contained oxygen being absorbed through the gut- 
wall, might also be applied to Crypiocha»tam. While impossible to prove, it seems 
quite feasible, and is worth bearing in mimb 

Since the respiration throughout the greater pai t of the life must bo cutaneous, 
the suggestion presents itself that the long caudal filaments are tracheal and blood - 
gills serving for the abstraction of dissolved oxygen from the blood of the host, in 
a manner somewhat similar to the action of the extraordinary external ttucheal 
system of the third instar of Comys infelix (Embleton). 

The circumstantial evidence for this view is very strong, and, in addition, thei e 
is a certain amount of experimental evidence. The very thin chitin of the walls 
and the abundant tracheal supply suggest tracheal gills. Anal blood-gills, similar 
in position, although not known in any near relatives of Cryptochaium^ are of 
common occurrence in aquatic Dipterous larvae. 

Again, in Taohinids plates of epithelial cells which Fantel (1901) interprets as 
respiratory structures have been observed surrounding the anus. According to 
this writer, these pads are part of the proctodaeum itself, and in the primary larvae 
racist in the' form ^ everdible sacs, ca|>able of being thrust out at will. He regards 

ea* 
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thorn as respiratory structures because their derelopment is in inverse ratio to that 
of the tracheal system. He says : — 

** Ces diverses circonstances semblent bien impliquer une fonction respiratoire. 
L'organe n’est pas une hramkie trachMnne^ car il a des parois epaisses et ne reooit 
pas un grand nombre de trachdes, mais il peut dtre classd parnii les brmchiea 
aatiguines de Miall et Hammond. Peut etre serai t>il mieux appele glande branehiale^ 
les ctiractdres histologiques et physiologique de ses elements donnant a penser qii’ils 
absorbent les liquides charges d'oxygtme comme ceux de I’dpithelium intestinal les 
liquides charges d autres aliments. 

Ajoutons pour terminer que la vesicule anale des Tachinides doit sans doute 
dtre bomologuee & celle des Braconides et probablement aussi aux branchies 
sanguines des Nematoceres.*’ 

Experiments on these and other endoparasitic larvfe, which will be fully 


Text-figure 20. 



Text-figure 21. 



Types of flagellate band fomation with third stage larva of Cryptoehatum, The small letters 
indicate suooessive positions of the same band. 

described in a separate paper, were undertaken in the hope of secunng some 
evidence as to the function of these organs in CrgptochcBtum, They may be very 
briefly recounted here. The methods used were based on those employed by Fox 
(1920-21) for the study of the respite tion of small aquatic organisms. The larvae 
are dissected out of the host into normal salt solution. Carbon dioxide output can 
be studied by means of a suitable pH indicator, the larva being held motionless in 
a film of fluid under a raised coverslip, and the colour-chamge watched under a low 
power of the binocular microscope. The indicator used must have a colour-change 
in the region of pH 7*0 sufficiently intense to be easily visible, even in dilute 
solutions, in the thin layer under the coverslip, A large number of experiments 
carried out in this way with a vaiiety of indicators gave the results which were 
expected on theoretical grounds, namely, that CO, elimination takes place freely 
over the whole body-surface, and is not confined to any particular cnrgan or tissuf , 



DiySLOPMSirr, and SOONOHIO XMPOBTANOE of ORTPTOOHEn:UM ICE&YAS. 965 


The oxygen uptake is studied in a similar way, the indicator in this case being 
a culture of flagellates {ChilomonaB^ Bodo^ etc.), or other motile Protista, which 
are positively chemotactic to concentrations of dissolved 0, lower than that in the 
water saturated with oxygen at atmospheric partial pressure. The culture liquid 


Text-figure 22. 



Types of flagellate band formation, last larval stage. 


is first strained through bolting silk and thoroughly aerated, and is run in under 
the coverslip. The flagellates, at first evenly spread throughout the fluid, are soon 
attracted to any region where oxygen is being abstracted from the medium, and 
consequently tend to form aggregations at points on the surface of the larva where 


Text-figure 23. 



Types of flagellate band formation, newly-formed puparinm. 


respiration is proceeding most actively. As the O, tension in the fluid falls below 
the optimum the organisms retire towards the edges of tiie coverslip towards 
regions of higher 0, tension) in the form of an ever growing band . They thus retire 
first from the most actively respiring surfaces of the larva, and thus these regions 
form the foci for the band-formation. Text-filgs. 20-22 show band-formation in 
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third and fourth stage OryptoekoBtum^ the figui-es given being typical examples 
selected from a large number of experiments. It will be seen that these experiments 
suggest that, while respiration is undoubtedly going on over the whole surface, the 
region at the base of the tails is considerably more active than any other pairt of 
the body-surface, and accordingly it seems probable that this is the main function 
of these structures. If this is so, then their tendency to increase in length as the 
larva increases in size is explained up to a point. 

There are, however, certain difficulties which the gill hypothesis, or, indeed, any 
other theory, leaves unexplained, the greatest of which is to account for the enormous 
length attained by the tails in the final stage. It is difficult to conceive how the 
terminal third or more of the structure can be of any use at all, for as there is no 
blood-flow in the cavity difiusion must account for everything. 

If we reject the respimtion hypothesis as being insufficient, there are three 
possible alternatives. Either (1 ) the tails ai'e for the storage of excretoiy {iroducts ; 
(2) they are concerned with the absorption of food-material by osmosis; or (3) they 
elaborate digestive secretion which acts upon the host- tissues externally. 

In the first case no sign of excretory products can be observed in the tails, unless 
the chitin itself is the excretory product. While not impossible, this theoiy has 
little to support it, and it explains nothing. Convincing evidence for the third 
hypothesis is also lacking. 

The second hypothesis would fit the facts well as regards the earlier stages. 
Before the moutli is open a large absorptive surface would be an asset, and even in 
the second and third stnges a gut which has no through current is not a [tarticularly 
efficient mechanism for dealing with a large bulk of liquid food. 

The histological structure of the hypodermis, too, is very suggestix e of an 
absorptive tissue. Miss A. Bidder has pointed out to me the curious resemblance 
between the tail hypodermis, with its huge highly vacuolated nuclei with very 
strongly-marked nuclear membrane, and the yolk-absorbing syncytial tissue which 
forms the vitelline membrane of the embryo of Loligo vvlgaris. Trials with 
Sudan 111. failed, however, to indicate that fat absoiption was taking place, and 
I have not yet had opportunity to make more elabomte tests. 

Although the majority of sections show no suggestion of absorptive or secretory 
activity, one set is, as has been mentioned above, an exception. In this case 
globules of material are seemingly being discharged from the epithelium into the 
lumen of the organ, the whole looking somewhat like a section of mid gut in 
active secretion. It seems possible, therefore, that a secondary function of the 
tails may be, under certain conditions, to supplement the alimentary canal in 
the absorption of dissolved food-stuff s, passing them from the blood of the host 
to that of the parasite. This hypothesis, however, fails to explain the great 
increase in size of the tails at the loginning of the last stage. The whole gut of 
the larva is then open and it is feeding ravenously, so that any other means of 
nutrition would seem to be superfluous. Moreover, since there is no mechanical 
means of transporting food-material within the lumen of the tails, it is difficult to 
imagine them as being at all efficient for this purpose. 

These various possibilities have been dealt with at some length because of the 
bearing they have on certain isolated facts which are known concerning other 
species of the genus. No other species has been studied in detail, but De Meijere 
(1916) has given a very brief account of the last larval and the puparial stages of 
G. ehalybeum^ and Yayssi^re (1926) has described two later lai'val stages and has 
given some notes on the biology of 0. grandicame. Both these species have tails 
resembling those of icerym — in the former case equally highly developed, in the 
latter markedly less so. Neither author describes the tracheal system in detail, 
but both state expressly that they could find no trace of trachem in the caudal 
filaments, and both described the hook-like posterior spiracles as being open and 
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inserted into one of the main tracheal trunks of the liost. As a result both are 
inclined to attribute to the tails the^function of food -absorption after the manner of 
the “roots” of SaccuUim or the second antennas and mandibles of the extraordinary 
Copepod Momtrillay parasitic on sedentary Polychaets. In the case of grandieome 
there is the same objection bo this theory as there is in iceryas^ for moutli- parts are 
well developed and apparently functional, and such a mode of feeding would seem 
quite unnecessary. In ehalyheum^ however, this may well be their function, for it 
seems not unlikely that a <1etaited study will reveal that the opening of the fore 
gut is even longer postponed than in icerym^ since De Meijere (1916), speaking of 
the third stage, states that he was unable to observe the buccal apparatus. He 
says (p. 195): “Von Mundhaken habe ich nichts beobachtet, auch ist das ganze 
Schlundgeriist wenig entwickelt, von blasser Farbe.” 

It seems, therefore, more than probable that the tails serve quite different 
functions in the different species, and for which of these various purposes they can 
originally have been evolved is problematical. 

The matter can only be settled by a thorough investigation into the life-history 
of these species, but it is certtiiiily remarkable that members of the same genus, 
only with difficulty distinguishable as adults, should exhibit such great differences 
in the structure and biology of the larval stages. 

Compariaoii \oith other Species, 

Besides the points connected with the mode of respiration, there are other 
ways in which iceryoi appears to differ markedly from other members of the genus 
and, indeed, from all other closely-allied Diptera. The most striking of these is 
concerned with the number (and form) of the larval stages and their relation to the 
law of “ le triinorphisme larvaure.” Keilin (1915) drew attention to the fact that 
all the Oyclorrhapha in which the life-history has been followed have three larval 
stages separated by two moults. He also points out that the greatest morphological 
differences are, as a rule, between stages I. and II., so much so that it is almost 
more correct to speak of “le di morph i.«>me larvaire.” The additioni stage in 
Ct*yptoch(cium is qiiite clearly the first or “embryo larva” stage, and, as has been 
mentioned, is easily accounted for as a parasitic adaptation brouglit about by means 
of premature eclosion. The second point is rather striking, since in G, iceryce 
there is a far greater difference in almost every character— alimentaiy canal, 
mouth-parts, tracheal system, and body form — between the third and fourth 
stages, which on the above hypothesis correspond to the second and third stages 
of other dipterous larvsD. The moult from second to third stage I have never 
actually observed, but the differences in all the measurements, as well as in the 
degree of development, of the tracheal system and tails and in the structure of 
the mouth -parts are such that it seems inconceivable that they are not distinct 
instars. 

Still more curious are the apparent differences between (7. grandieome and 
C, iceryas. Vayssi^re in his notes on the former species mentions three larval 
stages, but does not describe any “embryo larva” stage, his first stage resembling 
in a general way stages 11. and III. of iceryce. It hai'dly seems jiossible that the 
“ embryo larva ” could be present in one species and not in the other, and there 
seems no doubt that he has missed this form, which, owing to its transparency and 
minute size, it is very easy to do. Also he does not describe the egg, so would not 
be aware of the great discrepancy in size between it and his “ first stage.” I hope 
later to have the opportunity to investigate this species thoroughly, but, thanks to 
Professor Silvestri, I have already been able to procure female specimens for 
dissection, and have examined the egg, which measures *29 x *09 mm. The “ first 
stage” as figured by Yayssiire has a total length of at least 1 mm., which makes it 
seem all the more {ncobi^le that an intervening stage is present. 
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Vayssiere also alludes to a short-lived second stage with mouth-parts identical 
with the first, but iiaving lost all trace of segmentation. The description is so slight 
that it is difficult to tell what this can represent. Nothing of the sort is to be 
found in iceryce^ nor is there any similar transient intermi^iate form between 
stages III. and IV., for larv» undergoing this moult wei« observed ou several 
occasions. 

There the matter must rest till further information is available. It is idle, 
without a great deal more knowledge, to speculate upon the mode of evolution of 
parasitic habits in this group. That Cryptochmtvm was evolved from some form 
resembling Leucopis or Chtoropiaca in habit is more than likely, but the step from 
unspecialized predators of this sort to the elaborate parasitic adaptations here 
described is a big ene, and we have no inkling as to how it was accomplished. 

Summary. 

1 . The life-Iiistory of (7. icerycBy parasitic ou Icerya pmclmii in California, is 
iiere described. It represents a separate and restricted line of evolution of parasitic 
habits among insects. 

2. The egg is laid in the hasmocml of the host, usually during the second 
instar. 

3. The primary larva is a minute “embryo-larva^* of a type hitherto undescribed 
in Diptera, but known among parasitic Hymenoptera. It lacks tracheal system, 
heart, mouth, mouth-parts, and sense organs, and is without segmentation. 
It absorbs its food by osmosis direct from the blood of its host. 

4. The second and third larval stages are tracheate but apneustic. They are 
remarkable for the lengthy tubular tails at the posterior end of the body, containing 
blood and trachea?, and which increase in length with eacli instar. Mouth and 
month-parts, sense organs aud heart are now normal, and segmentation is complete. 
The mid gut is still closed posteriorly in correlation with the plasinophagoiis mode 
of life. The muscular system is poorly developed, no circular muscles being present. 
There is a dense subcuticular network of tracheie. 

5. The fourth stage is omnivorous. The hind gut is open and the mouth-parts 
much modified. Anterior and posterior spiracles are now present, but the anterior 
ones only are open, and these are apparently non^functional till the time of 
pupation. 

6. As many as 17 larvie may come to maturity in a single host. The 
presence of late-stage larv83 appears to have an inhibiting effect on the develop- 
ment of the earlier stages. 

7. A series of experiments with and pH indicators indicates that respiration 
is carried on at the general body-surface, but that the tails are especially important 
as tracheal gills for abstracting dissolved from the blood of the host. From 
a study of the histology ef these organs it appears probable that in the earlier 
instars they also function as additional organs for the absorption of food-material 
by osmosis. 

8. From what little is known of other members of the genus it seems clear 
that there ai*e great differences both in structure and life-history between very 
closely related species. 

9. The pathological effects upon the tissues of the host are very slight during 
the plasmophagous stages. 

10. The puparium is formed in the dead body of the host. The stiffening of 
the puparial case is due to some substance other than CaOOg. The mode of 
dehiscence resembles that of the Drosophilids rather than the Agromyzids. 

11. The internal anatomy of the larva is jd.escribed. It is chiefly remarkable 
for the closure of the mid gut postoriorly until the final instar* 
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12. Tbo adult is short-lived and intolerant of captivity. Mating is described. 
About 200 eggs are laid. The female can apparently distinguish a scale containing 
advanced parasite larvsB from one unparasitised. A high proportion of eggs are 
infertile, in one case amounting to 20 per cent. 

13. The adult is described, and diagnostic characters for distinguishing it fiom 
closely-allied species are given. 

14. The structure of the antenna was investigated, and Sturtevant’s statement 
that the apparent third segment is in reality the missing arista was shown to be 
incorrect. 

15. Knowledge as to the remaining members of the genus is briefly summarized, 
and a key to all the known species is given. 

J 6. Tlie liistory of the original inti'oduction into California was investigated. 
It appears probable that two species, icerycB and monophLehi^ were introduced, but 
that only the former became established. 

1 7. The enonomic importance of this insect was for a long while underestimated. 
It is potentially almost as efficient in the control of the Cottony Cushion Seale as 
Vedalia, The factors which go to make up this efficiency are discussed. 
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EXPLANATION OP THE PLATES. 

Plats 1. 

Fig. 1. Primary larra. 

2. Second instar larva. 

3. Third inatar larva. 

4. Third inatar larva, tracheal system. 

5* Fourth inatar larva. 

Plats II. 

Fig. 1. Third inatar larva. Mouth -parts and sense organs of first two segments. Ae. Accessory 
sense organ. Ant Antenna. Mx,l\ Maxillary palp. L,P. Labial palp. K.O. 
Keilin’s organ. Ph. Pharyngeal sclerite. Hyp,P, Hypopharyngeal plate. Md, 
Mandibular sclerite. ]). Dentate sclerite. 

2. Longitudinal section of anterior spiracle of fourth instar larva. Cut. Cuticle 1st post- 

cephalic segment. Sj). Spiracle. At Atrium, or Felt-chamber. 

3. Posterior spiracle of fourth instar larva, showing the branching of the main tracheal trunk 

to supply the tails. 10. Tracheal branches of 10th segment. 

Plate UI. 

Fig. 1. Fourth stage larva. Bucco-pharyngeal apparatus, viewed from above. 1). Dentate 
sclerite. Md. Mandibular sclerite. MedJ)or.Sd. Median dorsal sclerite. Ept 
Epipharyngeal plate. Hyp. Hypopharyngeal plate. Ph. Pharyngeal selerite. 

2. Fourth stage larva. Bucco-pharyngeal apparatus, lateral view, 

Plate IV. 

Fig. 1. Transverse section of tail of third instar larva, showing the large nuclei of the hypodermis 
and the six trachea). N. Nuclei of hypodermis. 

2. Diagrammatic longitudinal sectiem of part of tail of third instar larva, showing arrange- 

ment of longitudinal trachom. Hy, Hypodermis. T. Traohem. Cu. Chitinous cuticle. 
B. Lumen of tail containing blood. 

3. Transverse section through base of posterior spiracles. 8p. Spiracle. 8h. Chitinous 

sheath. Hy. Hyi)odennia. Cut Cuticle. 

4. Group of OBUocytes of fourth stage larva. MT. Trachese of the moniUform type. 

T. Traoheoles entering a3nocyte8 and hypodermal cells. Cu. Cuticle. Hy. Hypodermis. 
F.B. Fat body. 


Plate V. 

Fig. 1. Transverse section of posterior region of heart of last larval stage. P. Pericardial cell. 
N. Nucleus of heart- wall. 3'. Trachea. H.G. Hind gut. 

2. Longitudinal section through junction of mid and hind gut of third stage larva, showing 
closure of meseuteron and the opening of the nutlpighian tubules into the proctodsdum 
Met, Mesenteron. Mp.T. Malpighian tubules. Proet Prootodmum. 
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1 1‘i’om the New Hebrides collected by Dr. J R. Baker, 
liy A. G. Lowmdks, M.A., C.M.Z.S. 


[Beoeived Jane 21, 1930 : Bead Noyember 4, 1930.] 

(Plates I. & II *) 

In 1927 Dr. J. R. Baker and a small party visited the New Hebrides, 
helped linancially by a grant from the Percy Sladen Trust. A considerable 
amount of care was taken over the collection of Entomostraca in the large 
lake on the Island of Gaiia. In addition two small samples of dried mud 
were brought back, and one of these proved to be of considerable interest. The 
lake in question is n large one, and over 300 feet deep. The pH at the 
surface was found to be 8*5 and the temperature 25° 0. Considering the latitude 
of the island, 14^8., and its somewhat isolated nature, it might be expected 
that a rather specialized fauna would be found to occur. 

The Ostracodrt, Copepodn, and Cladocera have now been worked out and 
the results published, so that it is possible to make a brief survey of the whole 
and see how far this anticipation of a specialized fauna lias been realized. 

The following is a list of the species found : — 


Ostracoda Stenocypris malcimaoni Brady. 

Cladocera Diaphanosoma saraii Richard. 

Alonella diaphana (King). 
Dunh^vedia crossa (King). 
Chydorua aphcaricua (0. F. Miiller). 

Copepoda Nitocra laciistria Schmankevitch. 

Meaocyclopa craaaua Fischer. 

„ ohaoletua Koch. 
Lepiocyclopa prasimia Fischer. 
Cryptocyclopa hicolar Sars. 


Also Cryptocydopa annince Meiizel, but this species was not found in the large 
lake. 

The Cladocera were examined by Miss P. M. Jenkin and recorded in ‘ Annals 
and Magazine of Natural History,’ ser. 10, vol. iv. no. 21, p. 246 (Sept. 1929). 

Only a few specimens of the Osti’acod were obtained, and these were sent 
over to Dr. Klie of Bremerhaven. No report was published, but a statement 
was sent by Dr. Klie to Dr. B.iker which said that the species was undoubtedly 
Stmocypria maleoniaoni Brady ; hut it was not perfectly typical, since the 
individuals were mther larger and the caudal rnmi stouter and more coarsely 
toothed than usual. 

1 was entrusted with the investigation of tlie Copepods and also the mud. 

The Co^>epods were identified and described in * Annals and Magazine of 
Natural History/ ser, 10, vol. i. p. 704 (June 1928). 

DiairibtUion of the Species, 

Stenocy^yris makomaoni is a well-known species of Ostracod, having been 
recorded and described by Brady in 1659. It w'as fully described and figured 
by Sars in 1889. Sars obtained his specimens from dried Australian mud, 

* For e:iq»laiiatioa of Plates, see p. 977. 
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G. W. Miiller in * Das Tierreich ’ gives as the distribution India, Ceylon, Celebes, 
Australia, East Africa, and Sumatra. I have also received specimens from 
Dr. Klie from Austria ; but these were probably obtained from dried mud, as 
they occurred apparently in something akin to hot houses. Neither the species 
nor the genus is recorded as occurring naturally in the British Isles or in 
Europe. The species is, then, confined more or less to the Tropics and the East. 

Of the Cladocera, DiapJianoaoma aarsii is recorded from Australia, Sumatra, 
India, and Ceylon. Almella diaphana is apparently confined to Australia. 
Dunhevtdia craesa is recorded from Austmlia and South Africa. Ohydorus 
aphcBricnB is, of course, cosmopolitan. 

Of the Copepods little need be said. It is very curious that no Calanoid 
is represented while all five species of the other groups are well-known European 
species. All five occur in the British Isles and are practically cosmopolitan. 

Summing up, then, we have ten species consisting of one Ostracod, four 
Oiadocera, and five Oopepods, and of these the one Ostracod is represented by 
an endemic variety, three of the Cladocera are restricted to the Tropics and 
the East, while of the five Oopepods all are cosmopolitan. Or again the Ostracod 
and Cladocera are practically Australian while the Copepods are not. 

Now there is nothing remarkable about the facts stated above taken by 
themselves, but when we come to examine them with our knowledge of their 
respective means of dispersal the result is rather extraordinary. Ostracods 
are known to possess resting-eggs. Many species, so far as is known, reproduce 
by pai’tlienogenesis only, and actually the male of Stenacypria malcomaoni is 
unknown. The animals are very easily raised from dried rmid, and yet their 
distribution is remarkably limitel. For example, the commonest genus of 
temperate latitudes, Gandona^ is not recorded from south of tlie Equator. The 
Oiadocera, in the same way, are known to possess resting-eggs and to produce 
parthenogenetically, and yet they are in many cases remarkably restricted. 

When we turn to the Oopepods the anomaly is truly remarkable. The 
freshwater Oopepods are usually divided into three groups — the Calanoids, 
the Harpacticids, and the Cyclopids. In the Cyclopids resting-eggs are unknown 
with the possible exception of Cyclopa pictus Koch. Sai-s raised cultures of 
Entomostraca from dried mud for years and obtained hundreds of species in 
this way ; but only on one occasion did he obtain a single specimen of Gyclopa. In 
addition to this there are two other cases on record. I have tried many times 
to obtain Cyclopa from dried mud but without success. I have tried on several 
occasions the efiect of taking mud fi'om a pond with a large number of living 
Entomostraca and letting the whole ilry up gradually in shallow dishes. On 
moistening the mud later I have always obtained Cladocera, Ostracods, and 
Calanoids (Diapiomua\ but never Cyclopa. What has been said aliout Cyclops 
is practically true about Harpacticids, though this group has received far less 
attention. Parthenogenesis has not been recorded among the OoiJepods, and 
in Cyclopa it is very doubtful if it exists. I base my statement on the following 
observations. I have now at least six well-known species that I have bred 
from eggs up to the adult stage. In each case I have taken a number of 
females and separated them when I have known them to be in the virgin 
state. I have kept tliem isolated in many cases for over a month after they 
have attained sexual maturity. The result has always been the same, namely, 
that they have produced egg-sacs which have fallen off after a few days! 
The eggs have lain at the bottom of the vessel and there decomposed. 

The Calanoids with their resting-eggs do not possess a single cosmopoliian 
species whereas many, if not the majority, of the species of Cyiiopm have a 
very wide distribution and are actually cosmopolitan. 

3o then one is fa^ed with tbs fapt that tn the majority of eases wh^ 
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every facility for distribution occurs the species is usually remarkably restricted, 
while in those cases where distribution seems most difficult the species are often 
cosmopolitan. 

StenocupHs malcomaoni Brady {raised from dined mud). 

As indicated above, Dr. Klio identified this species. 1 retained a specimen, 
but it it was damaged. The two samples of dried mud weie placed in large 
jars and covered with Marlborough tap-water. One sample of mud was taken 
from the bottom at some depth, while the other was taken from much shallower 
water. The former yielded no Entomostraca, while the latter yielded a good 
culture of ^ienocypris malcomsoni. 

At the end of the year the culture was allowed to dry off and again wetted 
in the Spring, when another supply of the same Ostracod appeared. Ko males 
were seen, and in this respect the experiment agrees with the result obtained 
by Sars. The Ostracod therefore seems to reproduce entirely by parthenogenesis 
and the males are quite unknown. 

Those familiar with Ostrncods will realize that there is nothing exceptional 
about this particular Ostracod, for there are many genera, ns well ns species, of 
freshwater Ostracods in which the males have not been observed. It has been 
suggested that the males might be so small that they have escajied notice. This, 
of course, is not the case, for in tStenoci/firis alone there are several species in whicli 
the males ni-e known, and they are never appreciably smaller than the females; in 
fact, it is exceptional among freshwater Ostmcods for the males to be smaller tliau 
the females. 

Again, there is another remarkable feature, and that is the relatively enormous 
size of the sperms, for the length of the flagellum of the sperm is usually of 
the nature of ten tiuie.s the length of the aduU Ostracod. 

If, then, the males of the species in question are unknown, it would appear 
that the cultures of Stenocypris malcoinsmi are of the nature of pure line 
cultures, and they should pi'ovide useful material for observing the effect or non- 
effect of environment. 

Now, I took a specimen sent to me from Austria by Dr. Klie and one 
raised from dried mud from Gaua and photographed them side by side. PI. 1. 
fig. 1 is an adult animal from Austria, while PI. I. dg. 2 is an adult animal 
from dried mud from Gaua. The only apparent difference is one of size. Fig. 3 
represents the left caudal ramus of the (5a ua specimen, while fig. 6 represents 
the corresponding limb of the Austrian specimen*. Fig. 4 represents the right 
caudal ramus of the Gaua specifiieu, while fig. 5 represents the corresponding 
limb of the Austrian specimen. All these limbs were photographed under exactly 
the same magnification. 

It will be noticed that beyond the question of size there is little difference 
in detail. The .shorter claw of both rami of the Austrian specimen are moi'e 
curved than those of the specimen from Gaua, but, strangely enough, in this 
respect the Austrian specimen more closely approaches the specimens described 
by Sars from Australia. 


Investigation of the Culture. 

Now, having obtained a large number of specimens all belonging to the 
same species and to the same mce, it was thought advisable to dissect a few 
and investigate the value of what was thought to be one of the chief specific 
characteristics* 

Asymmetry of the caudal rami is one of the chief characteristics of the genus, 

* The terminal seta was broken off in dissecting out the limb. 
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and the arrangement of the teeth on the rami and claws is considered the chief 
specific characteristic. 

It was necessary to dissect a very few specimens to see tliat a considerable 
amount of variation occurred. The rami of three specimens were photogi*aphed 
under identical magnification, and the I'esult is shown in PI. II. Figs. 1, 2, & S 
represent the left ramus in each case, and it will be seen that the teeth of these 
rami show a considerable amount of difierence. Fig. 2 shows the end of the 
ramus with teeth comparable in size to those of the claws. Figs. 4, 5, & 6 
represent the right ramus of the same three specimens and the difiTerences are 
iust as pronounced. 

Thus in fig. 4 the ramus shows coarse teeth at the end with a pretty regular 
gradation, the teeth becoming finer and finer along the ramus. In fig. 5 
there are four equally coarse teeth, and the teeth do not extend back to the same 
distance along the ramus. In fig. 6 the ramus bears three coarse teeth, then 
two finer ones, and then another coarse tooth. The teeth are somewhat 
irregular but extend back further along the ramus. 

Now these differences are trivial, but, at the same time, they are far more 
pronounced than many of the differences that have been user) to separate species 
in other groups of Entomostraca. 

As a result of this work one must conclude that too much stress should 
not be laid on such small differences in the genus StenocypHa, but the chief 
interest comes to light when one tries to consider the cause of these slight 
variations. 


Suggested Cause of Variation, 

It is obvious that the variation can hardly be attributed to environment, 
since all were bred under identical conditions so far as one can tell. Nor 
can these variations be of much value from the zoo -geographic point of view, 
for it would not be difficult to show that there is as much variation to be 
found among the individuals of a pure-line culture as there is lietween 
specimens taken from widely separated <listricts such ns Australia and Austria 
or East Africa. 1 have also shown elsewhere that there is as great a difierence 
to be found among the individuals of at least one species of Cyclops^ taken 
from the same small pond, as there is to bo found between individuals of 
the same species taken from widely separated districts. 

Now recently there has been a great deal of attention given to the various 
causes of variation, nnd at the last Hooker Lecture the subject receivecl con- 
siderable attention from Hr. E. J. Allen (“The Origin of Adaptations,’’ Proc. 
Linn. Soc. 1928-29). Allen suggested that one of the causes of variation lay 
in the complex clianges that took place during the process of cell divisioii. 
“ We cannot wonder that germ-cells thus pro«luced differ in small repects 
among themselves. A few molecules more or less, a few atoms more or less, 
a few electrons even more or less, may mean changes in the offspring into 
which the germ-cell grows.” 

Now in putting this theory forward Allen gave these complex changes 
or processes as ojie of the causes of variation, but not as the only cause. 
Bub, still, if we accept this even as a possible cause we are driven to accept 
a far reaching corollary, and that is that in certain cases we must expect to 
see no correlation between variation and environment, it is true that these 
complex processes may be affected by external conditions, but they will none 
the less be complicated, whether external conditions remain constant or not, 
and it would seem to me that we are dealing with just such a case in the 
breeding experiments on SUnoeypris maleorMpnu 

In these breeding experiments the influence of any ohange of environment, 
in the commonly accepted meaning of the term, is eliminated, and we have 
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also olituiiiated such impoi*tant factors as sexual selection and sexual dimorphism, 
to say nothing of the complications that normally may arise from copulation 
and the fusion of gametes etc. We are, in fact, driven to look for some cause 
that is not and cannot be correlated with environment, and it would seem that 
the complex proce^^ses taking place daring cell-division offer the simplest and 
most likely solution to the problem. In allowing that one of the causes of 
variation lies in the dissolution and reformation of the chromosome complex, 
irrespective of external influence, one is open to the criticism that one is 
just relying on chance. This is, of course, perfectly correct, but one cMinnot 
den}’’ the existence of chance nor disregard one’s obligation of considering its 
effect. 

Certain scientists liave been severely criticized because they do not see bow 
germ<plasm can be affected by soma, and therefore deny such effect. Their outlook 
is looked upon as being illogical, but is a total disregard of the existence of clianco 
and its possible effect on the chromosome complex any more logical ? 

EXPLANATION OF THE PLATES. 

Plate I. Stenocypris malcomaoni Brady. 

Fig. 1. Adult fomalo from AuBtria. 

2. Adult fomalo rained from dried mud from Gaua, Now HebridcB. 

FigB.3 A4. Left and right ranii respectively of the specimen from Gaua. 

5 A 6. Right and loft rami respectively of the specimen from Austria. 

Plate II. Stenonjpris malcomaoni Brady. 

Figs. 1 , 2, A3. Claws and tips of the left rami from three specimenB of the culture. 

4,- 5, A 0. Shorter claws and tips of right rami from the same three specimens. 


Pnoo* 2kK>L. Sqc.-*-'1980, No. LX11I« 


03 




NOTES ON STBOOOEP&ALZA AND AMPHIBIA. 


979 


46. Notes on Stegocephalia and Amphibia. By Dr. Francis, Baron 
Noposa, (J.M.Z.S., For. Memb. Geol. Soc. 

[Beoeived May 10, 1930; Bead October 21, 1930.] 

Although it is generally agreed that the Amphibia are somehow related to the 
Stegocephalia, the relationship has never been discussed in detail. The reason is 
that, until recently, the trend of evolution in the Stegocephalia was obscure. 
As Watson (108) has now, in a series of most important papers, elucidated the 
evolution of the Stegocephalia, and Noble and others (71) have determined the more 
primitive types among recent Amphibia, the problem of the relationship of the two 
groups can again be tackled. 

That the recent Amphibia are a very old, but at the same time highly 
conservative, stock can be deduced from the occurrence of a highly specialized 
bufonid frog in the Oonio Beds of North America (63) ; a second, yet undescribed, 
splendidly preserved small frog — Montsechobatrachus Fejervary, nomen nudum ! — 
in the Kimmeridge rocks of Spain (99) ; and a third, fragmentary, pelobatid frog in 
the Tendnguru Beds of East Africa. Of the latter, two fused and well-preserved 
carpal bones are preserved, and these have been figured by Stremme (93) as 
metupodials of some Reptile, but they may in reality be carpals recalling those of 
Macro 2 )elohate 8 (72). 1 propose to call the specimen Stremmeia scabra (nov. gen.et 

spec.). Of Urodela, one with functional gills {Ilf/lcBobatrachus) haa been recorded 
from tlie Wealden of Belgium (25), and two without gills are known from the 
Cenomanian rocks of Italy. The latter have been described in an unsatisfactory 
manner by D’Enismo (23). Among the other fossil Urodela, Meyer’s Polysemia (62) 
and an unnamed specimen from the Tertiary rocks of Spain that has been figured 
by Satiipelayo (89) in his work on the Fauna of Ribesalbes (fig. 63) deserve 
attention. Sampelayo’s specimen recalls by its exoccipital process Euproctua, The 
skull, liowever, is broader than in any species of this genus. Apart from this the 
specimen is characterised by its very short body, consisting of 12 veitehrje 
carrying long ribs, of whicli the anterior are hilid, and with stout extremities. 
Evidently the specimen, which is exposed from the dorsal side, represents 
a primitive Urodelan and probably a Tyloiotriion, this genus being known also 
from the Miocene of Switzerland (73)*. 

Watson (103) has shown that in the Stegocephalia the changes in the dififerent 
phylii are always much the same and can be summed up as follows : — 

1. The reduction or loss of the supitioccipital, basisphenoidn), prootic, and 
paroccipital bones. 

2. The development of a strong paraspheiioi«l, replacing the septum interorbitale 
and uniting more and more with the median branches of the pterygoids. 

3. The extension of the exoccipitals over the auditory capsules. 

4. The development of the tabular over the paroccipital and the union of the 
former with the exoccipital. 

5. The extension of the epipterygoid, 

6. The loss of the foramen for the hypoglossal nerve. 

7. The breaking down of the ossification of the vertebral column, so that 
rachitomous vertebrie are formed, these only later on developing into the 
sbereospondyioufi type. 

* Tko Eocene Ototriim of Loomis has been determined by Gilmore (The Fossil Lizards of North 
America ; Memoirs Nation. Aoad. of Soienoes, rol. iii. Washington, 1928) as an Amphisbmnian. 

63* 
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In aquatic Stegocephalia, to these seyen characters an eighth must be added, 
namely, the reduction of ossification in the primary cartilaginous scapular and 
pelvic arches, which is, however, accompanied in the scapular arch by an 
enlargement Of the membrane elements of this region (clavicles and iuterclavicle 
or parasternum). 

According to Hintsche and others ( 46 ), experiments on animals show that 
during ontogenetical development membrane bone continues to grow when 
subjected to an unusual strain, while cartilage continues to grow but fails to ossify. 
Thus, one might conclude that it was the unusual strain brought to bear, by 
terresbrial life, on the cartilage bones of the primitive Sbegocephalinns that led to 
their breaking down. Observations on other animals, however, show that such 
a hypothesis cannot stand. 

About the same changes as those in the bones of Stegocephalia can also be 
observed in those of the marine Testudinata, for Turtles (76), and more especially 
(69), differ from the terrestrial Testudinata in the following points; — 

1. The ossification is retarded in the basioccipital, the basisphenoid, and the 
otic region, and tliis retardation extends curiously enough even to the descending 
lateral flange of the parietal. 

2. A strong paraspheiioid is developed, which finally unites with the pterygoid, 
while the interorbital septum remains cartilaginous. 

3. At the ends of the vertebra) much cartilage persists throughout life. 

4. Much cartilage persists on the ends of the elongated hones of the shoulder- 
girdle, in which, in the middle, much periosteal bone is present, but even more 
persists in the place of the fiat bones of the pelvis. 

In the likewise aquatic Ichthyosaurians similar changes occur (28) but in 
a less marked manner. They consist in a certain lack of ossification in all the 
bones surrounding the foramen magnum and the ear, a reduction of the scapular 
and the pelvic elements, and the persistence of a certain amount of cartilage in the 
vertebral column. As in Stegocephalia, the clavicles are comparatively well 
ossified. The ossification of the membrane bones of the roof of the skull is not 
changed either in Testudinata or in Ichthyosaut ia ; and in the aquatic Testudinata 
these bones even show a tendency to grow. 

Even in the Plesiosaurians the otic region is less ossified than in the 
Nothosaurians, which must bo considered as their predecessors (97). 

This distribution of cartilage and bone in highly aquatic animals is quite 
different from that observable in those Dinosaurs in which the pituitary fossa is 
enlarged. In these, the lack of ossification is exclusively restricted to the ends of 
the limb-bones, while the otic region, the base of the skull, the scapular arch, and 
the pelvis, ossify in a normal manner -even in those types that were semi- 
aquatic (77) as the Sauropoda 

• In a recent paper (“ Die fossilen Gehime,” Erg«bn. d. Anatom, u. EntwioklnngBgesoh. iii. Abt. 
der Zeitsobr. f. geaammt. Anatom, vol. xxTxii. Berlin, 1929), T. Edinger expresses the view that 
the gdgantic size of several Dinosaurs is not in causal connection with the large size of their 
pituitary fossa. It is true that the size of this fossa alone is no argument for such a connection. 
When one considers, however, that the difference of the internal stmetnro of the limb-bones and 
vertebras is much greater in the large Dinosaurs than in their smaller relatives, and that the 
hyperfunction of the anterior part of the hypophysis augments this difference also in recent 
Mammals (the internal stracture of the femur of acromegalic giants is exceedingly coarse), then 
the problem assumes another aspect. Apart from this, Edinger does not seem to 
the gigantism that frequently follows castration clearly from that due to pituitary disturbance. 
Bdinger’s hypothesis that during the Cretaceous period something must have existed that 
forwarded growth in general (“ dass das Kreidemilieu irgendwelehe wachstamfordenide Stoffe hot”) 
can be definitely refuted by the observation that, during the time that the European Titanosanrians 
were small, the South American Titanosanrians grew to enormous size. Hnene mentions from 
Sonth America, a femur 2 metres in length t (Er. von Hnene Los Sanrisqnios y OmitisquiM del 
oretaoeo argentino ; Anales del Museo de La Plata, vol. iii. (ser. 2), Buenos Aires, 1929). This 
case exolndes even the hypothesis that the enormous size of these Awimn -if, 

ooinoidence of the Equator and the Ecliptic during the middle of the ywoBOiCi by whh& all 
seasonal changes disadvantageous to derelopmeut were eUminatedt 
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Considering all this, probably oven the reduction of the embolomerous vertebras 
to the rachitoinous type, and the subsequent development of stereospondylous 
vertebrae in the Stegocophalia fall within the limits of the changes established for 
aquatic animals. Watson (104) describes each half-vertebra of an embolomerous 
vertebra as consisting of a double cone of dense bone surrounding the continuous 
notochord and itself surrounded by a ring of cancellous bone with an external 
layer of compact bone. This description shows that each half- vertebra of an 
embolomerous Stegocephalian corresponds to one entire chondrogenous vertebra of 
a Selachian, differing only by being covered with a thin layer of periosteal bone. 
Thus, in the Stegocephalia the development of the holospondylous type from 
i\ rachitomous or phyllospondylous vertebra would mean nothing more than that, 
first, the primitive cartilage ossification (embolomerous type) of the vertebral 
column broke down leading to the formation of thin vertebrie of periosteal bone 
(phyllospondylous and rachitomous types), and that then this type was strengthened 
so as to form holospondylous vertebrse (pseudocentral, notocentral, gastrocentral 
type). Perhaps one may mention, as an analogous phenomenon, that after 
bone-fracture in Amphibia fiist a callus of cartilage is always formed, uniting 
and fixing the broken bones, and that only later periosteal bone is formed, while 
the callus ossifies, or is resorbed. In Mammals frequently, likewise, cartilage is 
first formed ; sometimes, however, the formation of membrane bone sets in 
at once (119). 

The fact that Ostcolepida have no cartilaginous vertebral ossifications cannot 
be brought forward as an argument against this explanation of the evolution of the 
vertebral column, for evidently even the ossification of the cartilage in this region 
was only stimulated when terrestrial life began. 

Unfortunately, it is not yet known how aquatic life can act on the ossification 
of cartilage bone. As, however, the disturbance in bone-formation caused bj' 
a({uatic life is exactly ibo same as that caused by the defect of thyroid hormone (80), 
so, perhaps, a correlation exists between these two factors To prove tlje 
resemblance of the two sorts of changes it is enough to point out that, in human 
pathology also, the deficiency of thyroid hormone affects the ossidcutiou of 
cartilage, while it does not affect the long bones. Thus, this defect retards the 
ossification of the epiphyses, of the carpals and tai*sals; moreover, it affects the 
development of the basicranial bones, leading thus, as in Cetaceans, to a shortening 
of the basicranial axis, to deeply lying eyes, and to a saddle-shaped nose ; while, on 
the contrary, the bones of the cranial roof bulge out in an abnormal manner, for 
these membrane bones develop to normal or nearly normal size. Professor 0. Al>el 
has kindly pointed out to me that, in Cetaceans especially, the ethmoid bone is 
shortened, as is the case in tbyroidless cretins, and it is evidently this shortening 
of the basis cranii that leads in these animals both to the curious ovarlapping 
(telescoping) of the membrane bones of the skull (57) and to the shifting of the 
nares. As a minimal shifting of the nares backwards cannot have been of any use 
in the Cetaceans, and as in Physeter the exterior nasal opening is always still at the 
anterior end of the skull, primarily the shifting of the nares backwards can 
evidently not be exclusively due to the requirements of breathing. Frequently in 
Cetaceans the disadvantageous frontal concavity brought about by the shifting of 
the nares and the abbreviation of the ethmoid is neutralised by bony excrescences 
(Piatant 9 ia\ or filled up with tissue {Phy9eter\ so as not to spoil the fiow-line of 
the body of the animal. 

The same normal or nearly normal development as in the membrane bones of 
the dcull can also be traced in the development of the periosteal parts of the 'Mong 

If the osi^oatioii were retarded equally in all bones of marine Vertebrates, one might be 
inclined to explain it by the retarding infinenoe of Mugnesia and NaCl on ossification, but this is 
not the ease (Kramer, Shelling, &, Orent, ** Studios upon Calcification in vitro,** Bulletin, Johns 
Hopkins Hosintal, vol, xli. 1027). 
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bones” of cretins, except that the structure of these parts becomes somewhat 
dense (24). This change is likewise known to occur, sometimes even in an 
excessive maimer, in aquatic animals, but hitherto it was supposed to be due to 
other factors than hypothyroidism (78). 

How complicated the question is, may be gathered from the correlation that 
Ascher (2) believes he has detected between the spleen, the bone-marrow and the 
thyroid gland. Regarding the connection between air-supply, bone-marrow, 
osteosclerosis, and aquatic life, reference may be made to a former paper (78), in 
which this connection was suspected : and later on the experiments of Mark (61) 
showed that connections between the air-supply and the thyroid actually exist. 
It is true that in 1923 the role of the red blood corpuscles had not been suspected. 
All this goes to show that a prolonged stay in water may have an effect on the 
parts regulated by the thyroid gland (79). Otlier observations incline to strengthen 
this view. 

Especially in cases of maniacal and paralytica! excitement, but even in cases of 
delirium tremens, a continuous stay in warm water, prolonged for sevcial days or 
even weeks, has a powerful quietening eftect, leading even to sleep, and causes a 
dilatation of the blood-vessels of the skin and a lowering of the blood -pressure 
(69). Just the same sort of tiemor as in these nervous diseases is present in cases 
of hyperthyroidism (Iksedow disease), and as hyperthyroidism goes with an 
irritability of the vasodilatatorial nerves, an acceleiation of the metabolism, with 
sleeplessness and a more or less pi'onounced maniacal alteration of ebameter ; 
hypothyroidism, on the contrary, is accompanied with sleep, apathy, and a lowering 
of all metabolic processes (3), so in some manner oi* other, a prolonged stay in 
water acts similarly to h 3 ’pothyroidism. Professor Gaupp in Tubingen kindly 
informed me that, unluckily, hitherto nothing is known about the question, whether 
in such cases of excitement a prolonged stay in water aflccts the metabolism of the 
lx)dy. Pelcourt-Bernard and Mayer, however, showed in a joint paper (22) that 
a stay in water of 36° 0. affects metabolism even in healthy individuals. Apart 
from this the researches of Vogt (ICO) and Harpuder (37) likewise tend to show 
that a correlation exists between the endocrine glands, tlie vegetative nervous 
system, and the effects of water which is more or less rich in dissolved substances. 

All this shows, that it w'ns at least premature when Fries stated (29), in spite 
of all contradicting palceontological evidence, that a prolonged stay in water can 
have no effect on the structure of bone. 

To all this the strongly dehydrating effect of the thyroid hormone has also to 
be added (4), and the observation that the average percentage of water is 
comparatively high in the tissues of lower Yertebrata. 

Perhaps this is the place to mention that the growth of the body of a tadpole 
is to a great extent due to its taking up water, while the growth of its extremities, 
therefore those parts that are under thyroid-control, is due to cell- division. The 
growth of the chicken in the egg is also accompanied by a loss of water, so that 
the weight of a newly born bii’d is always about two-thirds of the weight of the egg, 
Tliis uniform desiccation, that is independent of the proportion of yolk and 
albumen in different sorts of eggs, also explains why in many Reptiles and the 
nidifuge birds, in which the young are born in a very developed state, the amount 
of yolk is comparatively greater than in the nidicole birds, that are less developed 
at birth. In the nidifuge birds the average percentage of the yolk is 33 per cent., 
in the nidicole birds only 18 per cent., in Tortoises and in Crocodiles 40 per cent. 
(42). Moreover, the percentage of water is smaller in the yolk than in the 
albumen, being on the average only 49 per cent, in the former, but 85 per cent, in 
the latter ( 68 )* 

* According to the description of the crocodilian egg given by Voeltskow (“ Biologic and 
Bntwicklnng der ansseren-Eorperform bei CrocodUus madagctsearena%9 ** Abhandl. Senokenber. 
Natmforsoh. OeBcllsoh. Frankfurt ; 1899) the albnmen of the crocodile egg seems to contain even 
less water than the albumen of a bird’s egg. 
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That the thyroid gland of the primitive aquatic Yertebrata had been greatly 
affected, when they passed from aquatic to terrestrial life, has already been 
supposed by some authors (27), and it is therefore quite logical to suppose that 
this was also the case when they became adapted again to this environment. 
Paleontological research seems to show that the metabolic disturbances of the 
secondary adaptation to water gradually diminislied, for in the most specialised 
aquatic Tetrapods (Cretaceous Ichtliyosaurs and Plesiosaurs) all cartilaginous parts 
such as their carpal and tarsal bones, as well as the bones of their shoulder-girdle 
and pelvis, are again quite well ossified (80), How this is brought about will be 
discussed in detail on another occasion. The processes that seem to be important 
have already been alluded to in a previous paper (79). 

Without thyroidectomy in Amphibia neoteny can also be artificially produced 
by simply rearing these animals in relatively cold water, for this prevents the 
thyroid gland from acting in a normal manner (74). Hesse (43) has brought 
many cases together showing how maturity is postponed by the influence of cold, 
while the body continues to grow, and even the healing of bone fracture is retarded 
in cold-blooded animals by cold (120). Thus it might be supposed that the 
breaking down of the ossification in Stegocephalia w^as due to the lowering of the 
temperature at the end of the Carboniferous that finally led to a great ice age, but 
such an explanation cannot account for the analogous changes in the rest of the 
aquatic animals. 

Turning now from the extinct animals to the present Amphibia, Watson has 
shown (103) that they evolved parallel to the Stegocephalia, so that in the Amphibia 
the cartilage bones of the skull also became reduced. In many of the moie 
aquatic Urodela the pelvic ossification is also retarded, but, apart fiom this, in the 
Amphibia several of the bones of the roof of the skull became smaller. The 
structure of the roof of tlie skull of the recent Amphibia can only be derived from 
a Stegocephalinn skull in which two temporal vacuities opened. This hypothetical 
formation of temporal vacuities in the Amphibia can well be compared wdth the 
similar changes in the skulls of primitive terrestrial Reptiles, for both changes are 
paralleled by the observation that, during terrestrial life also, the plate-like 
scapular and pelvic elements are gradually turned by fenestration to more or less 
rod-shaped bones (fenesti-ation in Nothosaurians, Crocodiles, Tortoises, Lizards, 
and Dinosaurs (80)). The occurrence of a fenestration in Jaekel’s Gephyrostegus 
(53), that evidently differs by the structure of its vertebrae from Watson’s 
DiploverUhron (104), actually represents a Stegocephalian type in which temporal 
vacuities are just appearing. 

One of the temporal vacuities of the Amphibia seems to have opened between 
the parietal, the tabular, and the squamosal and to have led to the formation of the 
temporal bar, which can be seen in all the primitive Urodela, as Polysemia^ 
Eup^octua^ PleurodeUa, PalcBoiriton (8), etc. ; the other vacuity is shown in the 
Anura In the Urodela this second vacuity evidently united with the orbit. 

The reason why the lower vacuity, which vanished in the Urodela, persisted in 
the Anura is obvious. Starting from the evidence afforded by all unspecialised 
Reptiles, that the primitive position of the suspensorium mandibuli was the one 
in which this part joined the mandible about at a right angle, both the rotation 
of the suspensorium forwards and the rotation backwards must be considered as 
cases of specialisation. 

A bacKward rotation occurs in some Urodela as Euproctua^ Cryptohranckua^ and 
Hynohvua (8), more or less in many Anura (7), in many Stegocephalia, in the 
carnivorous Cotylosaurian Labidoaaurua (105), in the carnivorous Pelycosaurians 
(16) and Flesiosaurians (1), in the Yiperid Snakes, and in most Crocodiles. In 
the embiyos of Snakes (87) and Crocodiles (65) this rotation sets in during this 
ontogeny. This synopsis shows that the backward rotation occurs in all animals 
in which a wide ga^ of the mouth and a rapid opening, as well as a rapid 
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subsequent closing, are of great importance. This is attained by a backward 
rotation, because in such a case the mandible forms a longer lever. As the 
pl-essure brought to bear against the articular surface of a quadrate rotated 
backwards is not taken straight up by the bone, but tends to turn the bone still 
more backwards, naturally in nearly all these cases a strong connection of the 
quadrate with the anterior part of the skull becomes of great importance. This 
connection can either be brought about on both sides of the skull by the 
quadratojugals and jugals or near the median line by the pterygoids and the 
vomers. The emboloxnerous Stegocephalia, the Anura, the Plesiosaurs, and the 
Crocodiles may all be quoted as examples in which the union is brought about by 
the jugal (and quadratojugal) bar, and in Plosiosaurians even a secondary 
strengthening of this bar can be detected. In the Cretaceous forms Cimoliosaurus 
and J)olichorhynchop8 the jugal bar is stronger than in their respective Jurassic 
predecessors Plesioscmrua and Peloneuatea, Pelycosaurs are an instructive case, in 
which the quadrate is prevented from rotating unduly backwaids by the pterygoids, 
while in the specialised Snakes the muscles closing the mouth have such an 
nri'angement that some of them pull, when constricting, tho quadrate 
forwards (35)^ 

Quite another structure is met with in those Amphibia and Reptiles in which 
a wide gape of tho mouth is not essential and in which the jaws perform slow but 
sometimes powerful work. In such animals the quadrate is rotfited forward. This 
type is met with in the neotenic Amphibia. (112) ns Amphiumaf Proteua^ Siren, 
Menohraiichua, in the herbivorous Diadectids (17), the Pareiasurians (105), the 
short-snouted ]ierbivorous(?) Dinocepbalinns [example: M ormosaurua (106)], in 
the edentulous Dicynodonts (13) and Testudinata (9), in the likewise edentulous 
Struthiomvm.ua (84), that originated from a carnivorous type (!), in all lierbivorous 
Sauropoda (116) and Ceratopam{^S), in the frugivorous and insectivorous Nodoamirixt 
(33), and in the^Pterosaurians (48). Apart from these the same modification of the 
quadrate is observable in tbe burrowing forms such as Ichthyophis (90), AmphisbsBn- 
idas (32), AnnieUa (20), EhinophidsB (6) and the Angiostomatid Bnakes. 

In this type of rotation two modifications of the quadrate are recognisable. 
When the jaw is principally closed by the aid of the pterygoid muscles, which lie 
far in front of the upper end of the suspensorium mandibuli, tbe anterior and 
superior borders of the quadrate are generally applied against some other bone 
(examples : Menohrcmchm, Siren, Struthiomimua, Pteranodon)\ when, however, the 
closing of the mouth is done by the masseter, which runs upwards and backwaids 
and thus parallel to the suspensorium, a mere thickening of the quadrate is enough 
to bear all the pressure. As examples for this second type one can quote : 
Gymnarthus (49) Lyeorophua (92), Neotriton (8), Amphiwma, Mormoaaurua, 
Typhlopa, and Tortoises. In all these animals a lower arch is more or less absent ; 
a strong coronoid process is, however, present. Thus one may not attribute to the 
arches of Amphibia a too great phylogenetic importance ; they show, however, quite 
clearly) that even the recent aquatic Amphibia are derived from a terrestrial stock. 
Hofifker (47) recognised this already when studying the columella auris of 
ArchegoaauruB. 

Other characters of tbe Amphibia that need mentioning in this paper are : 
(1) the coarse granulation «of the dermal bones in many Urodeles, (2) the inter- 
riAxillary gland, (3) the small bone attached to the exoccipital process in Siren^ (4) the 
balancer organs of CoBcilians, of the larvae of some Urcdda and of the larva of the 
frog Xenopua, (5) the aroiferous sternum and the opisthoccelian vertebrae of the 
Frodela and of the relatively primitive or quite primitive Anura, (6) the scales of 
tne Ocecilians. 

The intermaxillaiy gland occurs in neArly all Amphibia and secretes a sticky 
substance by which the prey adheres to tbe tongue^ This gland is located in a 
p^oration in the middle of the skull and is, of course, especially well developed in 
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terrestrial forms. It is more or less reduced in the aquatic newts (8) and perfectly 
in Coooilians and iieotenic Amphibians. For palaeontologists it is, of course, of great 
importance to distinguish those skeletsil modifications that are brought about by 
this gland from those that result when the iiiteriiarial septum becomes visible on 
the surface of the skull. The latter case is recorded in the Coecilians^Vp4o?iops (11) 
and Boulengerula (86), and in the Btegocephalians OsteoiHiorus (11), (107), 

j^r^ops(ll), Keatro8auru8 (38), and TremcUoaaurua (39)*. Alltliesc Stegocephalians 
belong to a well-defined natural group, in which Eryops represents the most 
primitive type (103). 

The distribution of the internarial perforation among the Stegocephnlia is quite 
different from that of the median septnl bone. As in Amphibia, so also in 
Stegocephalia, the internarial vacuity is always situated at the place where the 
naso -maxillary suture crosses the median line of the skull. The size of the aperture 
varies. It is small in “ Melanerpelon'* pusillum (30) and in Mici'opholis Siowi (l07), 
but large in Acanthostoma vorax (54), Dasyceps (50), an<l Zatracliya (14). In 
Trematops it is sometimes present but sometimes closed (113). As this apeitiire is 
at the place where the primitive embolomerous Stegocephalia have the “internarial 
bone ” (108), so perhaps the small ossicles visible in the internarial opening of 
Micropholia (107) are the last traces of these ossifications. This would account for 
the closing of this opening in the more primitive species of Trematops^iov Trematops 
and Micropholis seem to form somehow a natumi group. This group is characterised 
by the presence of a turbinal bone, by enormous interpterygoid vacuities, and 
by a strong reduction of the parasphenoid. 

Acanthostoma^ Dasyceps, and Zatrachys, in which the internarial opening is 
always large, form likewi.se a natural group. This second group is characterised by 
a curious “ spiny ” modificjition of the s<|uamosal region, wliich teiminates in two 
pronounced flanges, and by hornlike projections of the tabiilaria. To the animals 
clustering round Zatrachya evidently Platyhyatrix (114) has also to be added, although 
the internarial region of this Sbegocephaliaii is still unknown. Huene (60) was 
the first to j)oiiit out that the internarial vacuity of the Stegocephalia probably 
lodged an inti*rmaxillaj-y gland. Contrary, however, to his opinion, that this 
oi’gan is of small value in the classification of the Stegocephalia, I would rather lay 
a certain amotint of stress on its systematic value. It is true that when Huene 
made his sbitement, Watson’s papers had not yet appeared. 

Quite recently Homer (88) pointed out that Stegopa^ in which an internarial 
aperture is still missing, may be ancestral to this group. It seems therefore that 
this group evolved from an aquatic type and culminated in the large terrestrial 
Permian Daaycepa, 

Even the scarcity of remains of Daaycepa^ wlien compared with the rather 
frequent occurrence of other large Permian and Triassic rachitomous and stereo- 
spondylousSfegocephalinns, indicates that this genus was comparatively terrestrial, 
so that its remains had less chance of becoming buried in material deposited under 
water. 

Wiman (117) does not accept the view endorsed by Huene, for in a Triassic 
Stegocephalian he studied, the intermaxillary cavity is filled by cancellous bone, 
which leads him to believe that this lacuna represents an unossified part of the 
ethmoid region. As it is, however, quite likely that the in termaxillaiy gland is 
obliterated in such a highly speciiilised marine genus as Tertrema^ his arguments do 
not seem conclusive. In the group leading from Aoanthoatoma to Dasycepa the size 
of the intermaxillary opening is too large and too persistent a character to be due 
only to a lack of ossification. 

The vertebrae of AeantkoaiaTiiia (81) are either holospondylous or phyllospondylous, 
those of FUUyhyairix (115) are stereospondylous, those of Zatrachya and Daaycepa 
are unknown. Prom the vertebrae of all Stegocephalia, those of Hatyhyatnx differ 

'' * TramatoauehuB is considered to be generioally identical with Trematoeaurua,, 
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by a very great prolongation of the neural spine. A similar prolongation^ but of 
smaller degree, is found in a Cotylosaurian, Diaparaety^ (18), in a more marked 
manner in many Pelycosaurians (34) as GUpsydrops and Dimetradon, in the 
Naosaurinns (18), in some Iguanid and Chameleonid Lizards, and in some 
Dinosaui's (94). This character is therefore not rare in lower Vertebrata, but it 
oucui’S only in ten'oatrial types* It can only to a certain extent be compared with 
tliu support of the sexual ornament in some aquatic Tritons, for in the latter the 
support of the filament forming the sexual ornament is not built up by bone but 
by intumescent blood-vessels (8), so that the filament is erected in the same 
manner as the ornament in many birds (118). 

That the balancer organs of Omcilians should be alluded to in a paper dealing 
with Stegocephalia may seem rather strange, but as these organs are present in the 
larvfiD of some Urodela (as Uynohius, Amhlystonia (68), and Salamanca (66)), and 
as they are also present in the larv® of the primitive Frog Xenoptis (70), they 
seem to be of phylogenetic importance. Barasin (90) observed in Ichthyophis that 
the tentacles were used for feeling, and ns they are reduced in the larvse of those 
(Jrodela that inhabit swift nmning and thus clear water, while they are present in 
those inhabiting stagnant and thus more or less muddy water (76), so probably 
their function in the Urodela is much the same as in the Coecilians. Nikitin (70) 
showed that this is also the case in the larvse of Xenopus* In these the tentacles 
are, nevertheless, provided with blood-vessels and nerves; in the larvae of Uynohius^ 
liowever, both are already wanting. The difference in the development of the 
retractile tentacles of the Cmcilians and the non-retractile tentacles in the other 
Amphibia, can easily be explained by assuming that it was for the former of 
utmost importance to have these organs protected while digging with the head. 
Accordingly, in the Omcilians the tentacles are implanted in two deep fossae between 
the orbits and the nnres. 

As Zatrachys is the single Stegocephalian in which there is a deep pit or 
depression between the orbit and the nares(14) that might have lodged a tentficle, 
this feature is important, for the presence of such a tentacle would be well in 
accordance with the terrestrial mode of life of this genus as inferred from the 
shape of the neural spines of a close relative. 

Apart from the occurrence of an intermaxillary gland and of tentacles (balancers) 
both in Urodela and Anura, for the question of their origin, the posterior 
exoccipital projections of Enproctus [called by Bolkay (8) paroccipitalia] are also 
of no small importance. Similar projections occur in Eireiiy though in this genus 
their ends bear small isolated bones (118). In the Btegocephalia posterior projections 
of the skull occur in several genera. Formed by the tabulars, they are well 
developed in the embolomerous Palasogjp^inm and Eogyrinus^ and seem to have 
touched in these, as in fishes, the superior end of the scapular arch (104). They 
are, moreover, present in Acanthostoma, Zatrachys, Dasyceps^ and Platyhystrix, in 
which they are likewise formed by the tabular bones, and the great lateral horns in 
IHploctmLus (26), Batraehid^peton (109), Diceraiosaurus (56), and Keraierpeim 
(110) are likewise formed to some extent by the tabulare,but in the latter genera 
the squamosals are also elongated and join the tabulars. Cochleosaurus (12) has 
small posterior projections that are formed by the exoccipital bones. As the 
projecting ossicles are borne in Sire^i by the exoccipital bones, one may take these 
ossicles to be reduced tabulars that have evolved from a Zaircbchys Wk^ stage* 

A study of the vertebral articulation of the Anura is still more interesting. 
It has been pointed out in a previous paper, that in all Yertebiata having convexo- 
concave vertebral ai-ticulations the concave surface is always directed so that its 
concavity looks towards the relatively stable part of the body (81). In accordance 
with this, the Urodela, in which the anterior extremities develop before the 
posterior ones, have opisthocoelous vertebrae, while the majority of the Anura have 
procoelous vertebree, for in these the posterior extremities develop sooner. The few 
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Anura in which opisthoccelous vertebra occur, were, in accordance with the views of 
Noble (71), considered as primitive, and Megalophrya was considered as a transitory 
type, in which tlie condyles were already detached from the anterior ends of the 
following vertebra, but not yet united with the ends of the preceding vertebra. 
That this is the right explanation of tlie procmlian vertebral articulation of most 
Anura may l)e deduced from the observation that in one of the few opisthoccelous 
Yvogs^IAopelma, even the anterior extremities develop, as in Urodela, before the 
posterior (75). 

This and the preceding characters all show that the Amphibia must have 
developed from a leptospondylous, Salamander-shaped form, in which an opistho- 
ccelous, but perhaps cartilaginous, vertebral articulation had been attained. In 
this form the cranial roof must have had two pairs of openings, the palate a widely 
dispersed dentition, while an intermaxillary gland and tentacles were present. 
This shows that this form was terrestrial, but it must have originated from an 
aquatic form in which the cartilage bones had become reduced. 

Unfortunately, nothing is known of the dermal cover of most Stegocephalians ; 
several, however, that come near to the Girboniferous Acanthostoma have rounded 
scales (21) like the recent Ccccilians. The structural resemblance of the scales of 
Discosaurus to those of the Ccccilians was emphasised by Oredner. Thus we may 
suppose that the ancestor of the Amphibia was also clad with rounded scales. 
Hence we may look for this ancestor among the Stegocephalin, and it probably was, 
as Hoodie (64) pointed out, allied to the Branchiosaurians. These had, like the 
modern Amphibia, a metamorphosis, though it was less pronounced than in the 
i-ecent Amphibia. Thus one comes to the curious conclusion that the divergence 
observable between the larva and the adults of Amphibians is a character that is 
augmenting in the course of evolution. An analogous case can be observed in 
Insects, for in these also the divergence between the larva and the imago is greater 
in the more specialised types (Ooleoptera, Lepidoptera) than in the primitive 
Orthoptei-a. In both cases the divergence is brought about by the retrograde 
adaptation of the larva, that recalls, in the higher Insects, in a general manner a 
Worm, while it has, in the Aiiura, a certain resemblance to the larva of some 
Tunicata (sucking disc, egg-shaped body, long tail). 

Taking the relationsliip of the Amphibia and the Brancliiosaurian for granted, 
and also bearing in mind that a related type, Acanthostoma^ has the same tabular 
process that one still finds in Siren and Urodela, that Acant?iostoma has a well- 
developed and extensive dentition on the palate, an intermaxillary gland, the 
vertebral structure of an Amphibian, and that it was more or less terrestrial ; 
lastly, that ZatrachySy a specialised descendant of Acanthostoma, had perhaps even 
a balancer organ (tentacle), one may presume that Acanthostoma is very near to 
the origin of the Amphibia. It is not improbable that the Coecilians branched off 
very soon from the form that gave rise both to the Urodela and Anura (98), but 
this question demands yet further consideration. 

Having thus dealt with the origin of the Amphibia, we may now consider why 
they could not compete later on with the Reptiles. The nature of the sediments 
in which the remains of Stegocephalians occur gives the answer (19). In the 
lK)ggy deposits represented by the Kilkenny Coal beds, by the Linton Coal beds, 
the Nova Scotia Coal beds, and the Nyrsan Coal beds, Branchiosaurs and other 
aquatic newt-shaped Stegocephalians {NeeXtidia') dominate, eel-shaped Stego- 
cephalians {Aistopoda) are not infrequent, and some larger embolomerous 
Stegocephalians are met with, and the latter were probably semi-terrestrial, for 
their head is not at all depressed. 

In the former mud-deposits (shales) of Mazon Creek, the limestone of the 
D5hlen Basin and of the Sudetic basin, Branchiosaurs always predominate, and 
Crocodile-shaped Archegosaurians are met with, but at some places one or two 
larger semi-terrestrial Stegocephalia allied to Eryops already occur. In these places, 
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moreover, remains of different terrestrial Eoptiles are intermingled with the 
Stegocephalia. In the shales of Autun the fauna is much tlie same. 

On the other hand, in the Red Beds of the Wichita series, which were deposited 
in a djy climate, and in the limestones and shales of the Olenr Fork group (18), 
apartjjfrom a few aquatic animals such as Lysorophus and Diplocuulus^ various 
short-limbed and short-tailed, therefore more or less terrestrial, Stegocephalians, 
such as Ei'yops and Trematops and shielded Cacopsidap, are chiefly met with, but 
Reptiles are even more abundant. The rapacious Reptiles are mostly Pariotichidiu 
and Pelycosauvians, the herbivorous forms Dindectida?. Jn the more or less semi- 
arid sandstone of Elgin the Pelycosaurians have already nearly vanished, and 
small Dicynodonts and Pareiasaurians appear. The fluvial sandstones of the 
Dvina contain a fauna in which only a few highly modified, flat-headed, and 
shorb-limbe»l Stegocephalia occur and Reptiles dominate. The rapacious forms 
are represented by comparatively swift Therocephalians and Gorgonopsians, the 
herbivorous forms by large Pareiasaurians and large Dicynodonts. This shows 
that the Dvina beds contain about the same fauna ns the South African 
Endothiodoiit Zone (40), while the poorly known fauna of the fluvial copper-sands 
of the Ural region, in which some large Stegocephalians are found with Dinoceplni- 
lians, correspond to the South-African Tapinocephalua Zone (82). Haughtori (41) 
supposes that the climate of the TapinocepJmhia Zone was comparatively dump, 
but for the following Eiidothiodon Zone he and Huene (51) assume that it is an 
accumulation on dvy land. It is only for the Upper Beaufort beds that both 
autliors again assume a moister climate. In accordance with this both in the 
Lower and Middle Beaufort beds only two genera of Stegocephalia were discovered 
while the Upper Beaufort beds yielded nine (38). Most of these are also known 
from the Lower Triassic of Europe, and with the exception of Micropliolia they nil 
belong to the large-heade<l labyrinthodoni type with small extremities but an 
enlarged membrane shoulder-girdle (103). 

This rapid review shows that the primitive Stegocephalia were limited to marshy 
or even boggy places, that later on quadrupedal more terrestrial forms (Eryopsida* 
and Oacopsidaj) developed, but that these later on again returned to a more or less 
aquatic life (Labyrinthodonts). The primitive Branchiosaurians were endowed 
with reptilian scales and therefore probably suffered less from the dryness of 
the climate than modern Amphibia; on the other hand, the geological record 
shows that the Stegocephalia could not compete with the Reptilia during the 
desiccation of the climate between the Carboniferous and the Lower Trias and 
their extinction was probably brought about by the climatic change, but evidently 
it was not due to the structure of their skin. 

Noble (75) and Sarasin (90) have pointed out that in the Ooecilians and in 
all, the aquatic Urodela the eggs are suiTounded with two coats of albumen of 
which the inner is secreted by the oviductal glands, while the outer is secreted by 
the cloacal glands. Contrary to this in terrestrial Amphibia the cloacal glands 
ai*e absent (75), and so there exists also no outer layer of albumen. In birds and 
reptiles the albumen is likewi-e formed in the upper part of the oviduct but to 
this albumen layer in the lower part of the oviduct an outer layer of lime in 
Tortoises (sometimes arragonite) is added (31) forming a layer of sph«rocrystals of 
varying thickness and of ^varying cohesion (91). 

As in thyroidectoroised hens tlie shell of the egg is much thinner than 
normally (15), and as the complete ossification of bone-fractures takes a much 
longer time in Urodela than in Anura or Lizards, and in these, again, a longer time 
than in small Mammals or Birds (101), it seems as if the whole metabolism of lime 
must be faster in a higher animal than in a lower *. 


♦ Begarding the relation of the thyroid gland to Cahnitm metaboliain m genera], see the 
of J.C.Aiibp*TheBelation of the Thyroid Gland to Oaloiimi HetaboUsm Tnns Ahsoo 
^ hysidans, vol. xlii ; Philadelphia, 1927) and F. 8. Hammett (“Studies of the Thyroid Anmui^iis.*’ 
part xxvii. ; Journal of Metabolic Beeearob, vol. v. ; Morristown 1924). w. 
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How far such an augmentation of the calcium metabolism might account for 
the development of excrescences (spines, crests) in the very strongly specialized 
members of diderent groups of animals, is beyond the scope of this paper. It may, 
however, be mentioned that the formation of such excrescences is, to a certain 
degree, dependent on the food (52). This difference of the calciiim^metabolism, 
and thus of the egg-shell, brings it about that the soft eggs of the Amphibia are 
not only more exposed to attacks of all sorts of animals, but that they must also be 
reared in comparatively damp places. Contrary to this the Bauropsidian eggs 
endure, even when their shell is thin, a much greater dryness. In certain respects 
the shell of a reptilian egg can thus be compared to the shell of a snail, for it is a 
well-known fact that the snails inhabiting dry countries have comparatively 
thicker shells than their relatives living in moister countries. Here it is enough 
to mention Helix pomatitti Tl.pisana^ //. niciensis. Other examples and the literature 
referring to the subject have been quoted by Hesse (44). 

Perhaps even the thickness of the shell of the eggs of birds will turn out to be 
in correlation with the amount of desiccation to which the eggs are exposed. As a 
rule, the egg-shell is abnormally thick only in the eggs of birds that have an open 
nest in warm or relatively warm countries, with more or less rain, less during the 
breeding season {Struthio, Numida, Caccahia rufa, Fraiicolinus grantii^ GypaHus, 
Pterocle8\ also in some birds that build exposed nests on the tops of trees 
or on rocks (Cmx^ Ardea, Gyps) or in flat tracts of relatively dry countries {Otis), 
or that place their nests atjeast in drier places than their near relatives {Grm). 

Thin or even very thin egg-shells are found in all birds that place their eggs 
under mounds of rotting vegebition (nil Megapodii\ in some that place them in 
burrows {Paffinm, Galhula^ Riparia, Tmehyphonm) or in hollow trees {Rhamphestes^ 
Monma, Ghdidoplemy Bvxephala clang tda^ Pteroglossus^ Jynx^ Sturnvs, Falco 
naumanni), Chelidon and JJirundo, that have well closed nests of mud, lay 
likewise very tliin-shelled eggs, and the same holds good iovPhylloscopm^Anthoscopus^ 
and Textor, that all build well-closed nests. The Eagle CircaUus^ that lias likewise 
thin-shelled eggs, covers these, when leaving the nest, with green twigs, and 
although other Eagles do the same and have normally thick egg-shells, nevertheless 
Circaeina may be referred to, for the egg-shell of none of these eagles is abnormally 
thick. Some birds building their nests in cool damp countries also have very thin 
egg-shells {Branta, Eudvomaa), and the same is true for some birds that lay their 
eggs on moist meadows {Eyctea, Recuruiroatra^ Ilimantopua, Pdidna), in the sand 
on the border of a river (JCgialitis) or other damp places {Locuatela), or breed 
during the spring-rains (Tetrao). Thin egg-shells are also met with in birds 
that breed close to the ground or even among dense reeds (Ardeola^ Botanrua)^ 
while their relatives breed on trees. Ftdicay that frequently builds a floating nest, 
has likewise thin shelled eggs, and so has also Uydrochdidon. 

The difference of the thicknej-s of the egg-shell becomes especially striking when 
the Vultures are compared with the Eagles, the Megnpodii with the majority of tlie 
Galli, Francolinua gi'anti with Francolimia johmtonL Numida with Colinua, Grua 
with Fulica^ Ardea with Botawnia, CJheinaia with Vanelhia^ Bucephah, clwng%da with 
Bticephcda ialandica^ and Falco naumanni with the rest of the Falconidse. 

In spite of this, one must not forget that exceptions also exist. Even if one 
tries to explain the thin egg-shell of Columha pedumhua by the observation 
that many Columbidm breed in hollow trees or rock-flssures, and assumes that the 
Bucerotidfe originated, as indicfited by Aceroa, from birds having originally very 
thick egg-shells that became reduced to the normal thickness by the curious nesting 
habits of these birds, and even if one assumes also that a reduction of the egg-shell 
is going on in all those birds which the egg-shell shows over the cover of crystallised 
lime another one of fine granular lime* (Podicepa, Stda, Phalacrocorax^ Plotua^ 

S Wg gtatement ie baaed on the mioroaoopioal inveaiigatiion of a tronsverse.gection of egg-sbeU 
qf Phdlaeroeotaa kindly haxseded to me by Ihr. E. Kerb in Vionna. 
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Pelecanus, Phcenieopteru8)f evt ''^urs^ are just 

as difficult to explain as the ao. arcUcctf Mn^'gus 

mundlaiusj Colymhus^ GMinuh,^ IHcumnua imiominatuB^ some species of Larm and of 
Plautus (10)^ All this shows that, before drewinsf n dofinifo phti elusion, the 
question needs further study, and all the more so since in this question also the sixe 
and the number of the pores of tlie egg-shells ought to be considered (96), but, as 
such a detailed investigation is beyond the limit of this paper, at present these 
tentative indications may be considered as sufficient. 

Tlie means to which the highly terrestrial Frogs have resorted to overcome the 
difficulty of rearing their olfspring in dry places is well known, and has well 
been summarised by Hilzheimer (46). 

In a previous paper (83) it has been pointed out that the fostering of the 
offspi'ing observable in Mammals and Birds, and the epidermal coating of these 
animals, indicate that the foundation of their development was laid by the great 
climatic change at tiie end of the Carboniferous. Moreover, it was surmised that 
during the warm, almost tropical, Mesozoic time these animals inhabited the cooler 
mountain regions, for in the hot lowlands they were not capable of competing with 
the dominant Avchosaurian Reptiles. 

Something analogous seems to have happened with the Stegocephalin, for the 
foregoing considerations make it probable that the extinction of the Stegocephalin 
and the restriction of the Amphibia to damp regions, as well as the rise of the 
Reptiles, were also duo to a climatic change. This change was evidently the strong 
Permo-Triassic desiccation . J n this connection it is important to remark that during 
the change itself in the Upper Permian not typical Sauropsidians like Archosauria, 
bub Pareiasauria and Tlieromorpha lived; thus Reptiles flourished that come, 
by their whole structure, nearer to the Amphibia and Mammalia than to the 
Sauropsida. The typical Archosanrians developed only in a very dry climate, and 
as proof one can mention the light structure of their bones, their bipedalisrn, that 
can only have developed in an open country, the exceptional thickness of the egg- 
shell of those bare-skinned types that became during the Mesozoic the ruling race 
[Dinosaurs (96)], and the fact that the remains of their primitive members are 
met with in greater number only in deposits of very di*y character, as in the red 
Keiiper marls of Wiirteinberg and the Cave Sandstone of South Africa. 

These primitive Archosaurisins are all carnivorous. Incidentally it may be 
remarked that light limb-bones, a high metabolism, and a great demand for albumen 
(carnivorous, cursorial type of animal) are all signs of hyperthyroidism, and that, on 
the other hand, a food very rich in albumen, or consisting exclusively of such, tends 
to augment, in dogs, the function of the thyroid gland (111). In birds a feeding 
with meat produces in analogous manner a hyperplasy of the thyroid gland, and 
the thyroid gland of the Malays in Java, that live chiefly on rice, is smaller 
than that of Europeans (6). All these changes are therefore important, 
for a carnivorous adaptation may quite well set in, when during the desiccation 
of some region its vegetation begins to become scarce. Of course, it is not meant 
hereby to explain dll evolution by the coincidence of such changes ; they are, Imw- 
ever, mentioned to show what has to be considered when studying evolution. The 
importance of such conai<ierations has lately again been emphasised by Ham- 
metc (36), and before this by Sir A. Keith (56). 

Naturally it would have been quite impossible to write a paper dealing with 
such various questions as the foregoing one, without help from different sides. 
Apai*t from the gentlemen mentioned in the text, the well-known neurologist 
Prof. Baron 0, Economo was so kind to call my attention to the work of Kraepelin, 
and the ornithologist Dr. 0. Reiser helped me when studying the eggs of birds, 
Professors Dr. J. Bauer and Dr. 0. Stejskal, both in Vienna, likewise helped me in 
my work. Sir Arthur Smith Woodward was so kind as to revise the English text. 

It affords me special pleasure to thank all these gentlemen for their help. 
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(Text-figures 1-7.) 

I. Introduction. 

The proportions of the various parts of birds’ wings vary very much from one 
species to another, and in tliose species which have been investigated there are also 
great changes in the proportions during development. Beebe and Hartley (1916), 
working in British Guiana, investigated the changes in the proportions of the wing 
during development in some ten species of birds, and published graphs of these. The 
only obiter work of a similar nature of which 1 am aware is that of T. J. Parker (1891), 
who gave graplts of the changes in proportion of various parts of the skeleton, 
including the wing, of Apteryx, Latimer (1927) did similar work on the skeleton 
of the fowl, only much more fully, but in both these cases it is the changes in 
proportion of the wing to the rest of the body which are considered. 

As it seemed desirable that Beebe’s method should be applied to a larger number 
of birds, the present investigation was undertaken, and this paper deals with the 
wings of ten species of British birds. lt‘ is hoped that wiien a series of allied 
forms has been obtained some light may be thrown upon the significance of these 
changes in proportion, and also, possibly, on the phylogenetic relationships of the 
various species. 

In addition to the work on the difTerent stages in development of these ten 
species, the wings of the adults of as many species of birds as possible have been 
measured. There is a great difference in the proportions of the wing amongst birds, 
and though in some cases it appears to be correlated with the mode of flight, in 
others no such correlation is apparent, and it is hoped that a large series of 
measurements will help towards the solution of the problem. 

The investigation is therefore a study of the proportions of birds’ wings and 
the changes in proportion which take place during development, with the object of 
discovering their significance and possible bearing on the phylogenetic history of 
the species. 


11. Material and Methods. 

The changes in proportion of the wing during development have been studied 
in the following ten species of birds : — ^The Common Tern, Sterna JluviatiUe ; the 
Arctic Tern, Sterna macrura ; the Sandwich Tern, Stema cantiaca ; the Lesser 
Tern, Sterna minuta\ the Black-headed Gull, Larue ridihundu8\ the Binged 
Plover, hiaticola\ the Eider Duck, moUi8eima\ the Budgerigar, 

Melopeittacue undulatue ; the Blackbird, Turdue merula; the Song-Thrush, Turdue 
muewue. For the sake of uniformity all the specific names used in this paper are 
those given by Evans (1898). 

The Thrush and Blackbird material was obtained from pests kept under 
observation during laying and incubation, and in these cases the age is known ; but 
in the other species nothing is known of the ages either of the embiyos or of the 
young birds. The young birds used were picked up dead in the nesting colony, 
where they are usually fairly plentiful. The adult measurements of the Sandwich 
and Lesser Terns were taken from skeletons in the Natural Histoiy Museum , 

* Oommanicated by Prof. J. S. Dunseblt, D.Sc., Ph.D., F.Z.S. 
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Booth Kensington, and so come from localities entirely different from those of the 
earlier stages. The Budgerigars were of the ordinary wild green form such as are 
commonly kept in aviaries. They wei^e bred in captivity, but as their power ot 
flight appears to bo i)erfectly normal, and is constantly exercised, there seems to 
be no objection to using them for this purpose. They lived in a large out-door 
aviary all the year round and bred freely. 

No attempt at all was made to use statistical methods. It would be extremely 
liard to obtain large numbers of embryos and young at definite stages in develop- 
ment, and for the present purpose great accuracy is not necessary, as the changes 
considered are relatively larger The measurements each represent a single individual, 
and the fact tliat the points fall upon a reasonably smooth cuiwe makes it probable 
that individual variations are small, and may be neglected in this particular work. 

The three main parts of the wing : — humerus, ulna, and manus were measured. 
The two parts of the manus, metacarpal nn<l digit, were also measured, but they are 
not considered in tlie present paper. The method employed for the earlier embryos 
was to stain by the Victoria Blue method and mount as microscopical preparations, 
by which technique only the cartilage is stained, rendering the skeleton of the wing 
very clearly visible. The various parts were measured by means of a microscope 
with a mechanical stage having a vernier scale attached. The wings of the larger 
embryos and smaller nestlings, in which ossification had proceeded too far for the 
above method to be used, were merely dehydnited and cleared in xylol, when the 
bones became clearly visible. Any shrinkage produced by the clearing and 
mounting processes is of no importance, since it is the relative, end not the absolute, 
lengths which are required. For reasons previously stated it was considered 
sufficiently accurate to measure the wings of the larger stages by means of needle- 
pointed callipers and a millimetre scale. 

In this way the length of the wing and of its component parts at various 
stages in development were obtained. From these data the lengths which the parts 
would have if the wing at that stage was magnifled until it was the same length as 
that of the adult were calculated. This was done by multiplying the actual length 
of the part by the fraction L/1, where L is the total length of tlie adult wing an<l 
1 the length of the wing at the particular stage. When this Las been done, the 
sum of the calculated lengths of the parts of each wing is equal to the total lengtii 
of the adult wing. This method appears to have been the one used by Beebe and 
Hartley, but in the figures published by them the sum of the lengths of the parts 
is not always constant. 

Graphs were plotted, using tliese figures, to show the change in proportion of 
the wing during development. It was found best to use the adult wing as a 
constant as, if some other part of the body, such ns the length of the vertebral 
column, is used, the changes in proportion of the whole wing to tiiis other part tend 
to obscure the changes in proportion between the parts of the wing itself. Time is 
plotted along the abscissa and calculated lengtli up the ordinate, the time of hatching 
being indicated by a vertical dotted line. The individuals were arranged in order 
and spaced out along the abscissa according to their estimated ages. In this way 
it is hoped to get approximately the true shape of the cur\e, and so to be able to 
draw conclusions as to the rate at which the changes take place, but it must bo 
remembered that the ages are only estimated from the comparison of the series of 
specimens, and are not to bo relied upon. In describing the young, the terms 
“nestling*' and “fledgling” are used for convenience to denote early and lato 
young ones, though of the species considered only the Blackbird, Thrush, and 
Budgerigar have true nestlings, the others having active downy young. 

In investigating the proportions of the wing of adult birds similar methods 
were employe<l. Again no attempt at statistical treatment was made, and the 
measurements are of single individuals, and not the average of a large number. In 
a few instances several individuals of the same species were measured, and the 
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lengths were found to vary very little. All measurements were made using needle- 
pointed callipers and a millimetre scale, and all the bones of the wing except the 
radius were measured. For the sake of uniformity the right wing was used 
wlienever possible. TJie lengths of the bones were then expressed as percentages 
of the total wing-length, and these are the figures given in this paper — never the 
actiinl measurernents. »So f«ir only about eighty species have been measured, 
belonging to many different orders. 1 am indebted to Prof. E. S. Goodrich for 
kind permission to mensure the bird-skeletons in the University Museum and 
Department of Zoology at Oxford, and to Prof. J. B. Dunkerly for similar facilities 
at Manchester. 


HI. Descuiption op Wing-developments. 

1. The Terns. 

The Common Tern, S.flamatiliSf was the species which w'as investigated most 
fully. Twenty- two stages were measured, and of these eleven were embryos. In 
the very earliest stage, when the skeleton of the wing can only just be made out, all 
three parts are equal in length, but soon a very abrupt change takes place, the ulna, 
and to a lesser extent the humerus, increasing rapidly, while the manus decreases, 
so that the parts come to differ in length more than they do at any other time 
during the whole development. A little later a sudden reversal takes place, and 


Text-figure 1. 



Winff-devolopment of Common Tern. 

The grapha in text>6gB. l-G expresB the changes in length of the yarions parte of the wing 
relative to ite total length. The valnea plotted as ordinates are not the actual measure- 
monis, but are calculated in the following maimer The actual length of each part, p 
is multiplied by the fraction L /I, where L is the total length of the adult wing and 1 
the total length of the wing at the particular stage. In this way only the changes in 
length of the parts relative to one another are shown, and not the change due to increase 

in size of the bird. The different parts are denoted as follows : — Humerus , 

Ulna , Manus and the time of hatching is shown by the vertical dotted line 

the manus increases steadily uptil the time of Latching, while the ulna and humerus 
decrease and become considerably shorter than the manus. Just after hatching, 
the ulna and humerus are about the same length, but later there is a divergence, the 
humerus increasing until the late nestling period, after which it decreases to its 
final length in the adult. In the late nestling period there is a time when all the 
parts of the wing have approximately the same length, and after this the manus 
increases, the humerus decreases, and the ulna remains the same. 

In the Arctic Tern, S. macrura, ten stages were measured, and of these six were 
emWyos. The wing-development is very like that of the Common Tern, as would 
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be expected, since the birds are so oiu^ely reiatua. iii ttie earliest stage obtained 
the ulna is very much the longest and the manus very much the shortest, as in the 
corresponding stage of the Common Tern, and tlie uiauus increases until hatching, 
while the ulna and humerus decrease. There is an increase in the humerus in the 
ne- tling period, but this seems to take place leather earlier than in the Common Tern. 
Tiiere does not seem to be a time when the parts are equal in length, but this is 
uncertain owing to the scarcity of late stages. 

In the Sandwich Tern, aS'. cantima^ six stages were measured, only one being an 
embryo, and that one on the point of hatching. Just before hatching, the manus is 
much tiie longest and the humerus much the shortest. Throughout the period 
covered the ulna increases gradually ; the humerus increases till the nestling period, 
when it is the longest part, and then deci eases to the adult, wliile at the same time 
opposite changes take place in the manus, which is the shortest part in the late 
nestling. These changes in the humerus and manus are an exaggeration of those 
found in the Common and Arctic Terns, in whicli the same increase and decrease 
take place, but the manus remains the longest part throughout. 

Of the Lesser Tern, S. minuta^ only five stages have been obtained, and so very 
little is known of its development. It appears to be of the same type as that of the 
other Terns. In the embryo the manus increases up to hatching, while the ulna 
and humerus decrease. As none of the stages is in the nestling period, it is not 
known whether the increase in the humerus takes place, but the change from the 
fledgling to the adult is the same as in the other species. 

2. The Black--}ieaded Gull, 

Thirteen stages of the Black-headed Gull, L, ridibundue, were measured, but, as 
ten of these were embryos, the development during the later period is not known 
in detail. The development during the embryonic period is very similar to that of 
the Terns, and the changes are remarkably regular. In the eaidiest stage obtained 


Text-flgure 2. 



Wing-development of Blaok-headed Gull. 


the manue is short and the humerui and ulna long, ulna being the longest of 
the three. Until just before hatching there is a steady decrease in tlie humerus 
and ulna and an increase in the manus. Prom hatching to maturity the ulna 
increases slightly, but the humerus and manus change in opposite directions, so that 
in the fledgling the humerus is very long and the manus short. In the adult the 
humerus is the shortest segment, while the ulna and manus are about the same. 
This great increase of the humerus in the fledgling recalls that found in the Terns, 
only it is carried much further. In this respect the Common Tern, the Sandwich 
Tern, and the Black-headed Gull form a series. In the Common Tern the humerus 



I :> AND TBBXE 0HAN0E8 DURING DSVEtOPMEKT. lOOl 

increases and the manus decreases, but the manus is always the longer. In the Sand- 
wich Tern the same process takes place, but the humerus becomes longer than the 
manus, while in the Black-lieaded Gull the humerus becomes very much longer than 
the manus, so that the difference between them is about three times as much as it is 
in the Sandwich Tern. The total length of the adult wing is about the same in the 
Sandwich Tern and the Black headed Gull. Altogether there is a great similarity 
between the wing-development of the Terns and the Black-headed Gull. 

3. The Ringed Plover, 

In the Binged Plover, jE, hiaiiGola^ only seven stages were measured, four being 
embryos ; none were fledglings. In the earliest the manus is the shortest and the 
ulna longest. The humerus decreases at first, but has a period of greater length in 
the late embryo. It increases again slightly in the nestling and finally decreases 
to the adult. The ulna decreases steadily during the embryonic and nestling 


Text-figure 3. 



Wing-dovelopment of Binged Plover 

])eriods, after which it increases to the adult. The manus increases throughout 
the embryonic and nestling periods, and then increases to the adult. 

The wing-development of this species, so far as it is known, is similar to that 
of the species already considered, but it is unfortunate that no fledgling stages were 
obtained. The same increase of the humerus in the nestling is seen, but there is no 
decrease in the manus as in the other forms, unless it takes place in the fledgling. 
The development of the wing during the embryonic period and the proportions of 
the wing in the earliest stage are very like those of the Terns. 


Text-figure 4. 



Wing-development of Eider Buck. 


4. The Eider Duck, 

Six stages were measured of the Eider Duck, S, molliesima^ two being late 
embryos and none fledglings. The most remarkable thing about the wing-dovelop- 
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ment of this species is the fact that the ulna remains practically constant and 
considerably shorter than the other segments from embryo to adult. The wing of 
the embryo has about the same proportions as that of the adult, the ulna being 
shortest, the menus longest, and the humerus about half way between. The 
humerus increases and the manus decreases, so that in the late nestling period their 
positions are reversed, and the humerus is much the longest segment. The changes 
of tlie humerus and manus in the Duck are similar to those in the Black-headed 
Gull so far ns they are known, but the shortness of the ulna distinguishes the 
duck- wing from that of the Gull and from all the other species which have been 
investigated. 

5. The Bvd^erigeur* 

Seven stages of the Budgerigar, Jf. were measured, four being 

embryos, two nestlings, and one an early fledgling. Remarkable features are the 
great length of the manus and the constancy of all the parts from an early embry- 
onic stage. In the first embryo, which is a very early one, the ulna is the longest, 
the humerus shot test, and the manus in between. From Imre the manus increases 
rapidly and then remains i^ractically constant till the adult, while the ulna and 


Text-figure 5. 



Wing-development of Budgerigar. 


humerus decrease and remain more or less constant and equal in length till the 
fledgling, after which they diverge slightly, the humerus decreasing 

The adult Budgerigar is remarkable for the great length of the manus. Of all 
the adult wings measured it is only surpassed by the Swifts and Penguins, and it 
is interesting to find that the wing already has these unusual proportions in the 
early embryo. The same tyf>e of wing, with the long manus, is found in the Terns, 
but the development could hardly be more diflerent. 

6. The Blackbird, 

In the Blackbird, T, merula^ six stages were measured, of which two were 
embryos. In the adult the ulna is much the longest segment, while the humerus 
and manus are about: the same length, and the adult proportions are acquired 
about the time the young bird is ready to fly. In the earliest stage the manus 
is the longest and the humerus the shortest. The manus increases to the early 
nestling and then decreases rapidly to the fledgling. The ulna increases until 
just before hatching, decreases in the nestling, and then incieases to its final length 
during the fledgling period. The humerus decreases during the embryonic and 
nestling periods, and then increases again till, in the fledgling, it is the same as 
the manus. 
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7. The Sang- Thrush. 

In the Song-Tiirush, T. mmsicus^ seven stages were measured, three being 
embryos and one about to fly. The development, as one would expect, is very like 
that of the Blackbird. The cliief differences are the humerus, which remains 
practically constant in all stages except the earliest, and the maims, which does not 
become as short in the fledgling as it does in the Blackbird, being always longer 
than the humerus. The earliest embryo is younger than tlie on rliest Blackbird, 
but though considerable changes take place during this pei-iod, they are what one 
would expect from the known pai‘t of the embryonic development of the Blackbird, 
and it is probable that they occur in this species also. 


Text-figure 6. 



Wing-dovelopment of Songr Thrash. 


IV. Discussion of Wing-developments. 

In discussing the changes in proportion which take place in the wings of these 
ten species during development there are several points which must be considered. 
Certain changes in proportion may take place of necessity during the ^development 
of all wings owing to the growth of the feathers or some such factor. Allied 
species may have a similar type of wing-development differing more or less 
according to the degree of relationship ; or the changes may be related to special 
conditions of development or to the phylogenetic liistory of the wing. (See text- 
fig. 7.) 

The first .suggestion seems to be negatived by the Budgerigar, the proportions 
of whose wing remain practically unchanged from a very early embryonic period to 
the adult. There does seem to be a tendency, in the other species, for the rnanus 
to increase in the late embryonic or early nestling period, wlieie it reaches a 
maximum and decreases again, but in the Budgerigar the increase in the manus 
takes place at a much earlier stage, and there is no decrease. 

It might be expected that there would be an increase in the manus about the 
time of tlie development of the primary feathers in order to accommodate these. 
The Terns, Gull, Plover, and Duck are nidifugous species, and the young ones, in 
which the flight-feathers are not yet developed, have a covering of down, while the 
Budgerigar, Blackbird, and Thrush are nidicolous, and begin to develop these 
feathers at a much earlier stage. There does not, however, seem to be much 
difference in the time at which the increase in the manus takes place during 
development, and therefore it appears that there is no special increase in the manus 
parallel with the development of the feathers. 

The ten species dealt with here belong to four orders. The Terns, Gull, and 
Plover belong to the Oharadrii formes, the Eider Duck to the Anseriformes, the 
Budgerigar to the Cuculiformes, and the Thrush and Blackbird to the 
Passeriformes. 



Ofacktoird Song Thrush 

humerus «| ■ ■ ■ ufna mmmam Manor 

Hub tezt-figrare is based upon the graphs shown in text-figs. 1-6 and four others, and it expresses 
diagrammatically the changes in relatiye proportions of the wing-bones during develop- 
ment. For fuller explanation see text-fig. 1. 
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Of filie Char.idriiform species, the Terns and Gall belong to two subfamilies of 
the Laridee, the Ringed Plover to the Limicolae, and their types of wing-development 
appear to bear out these relationships. The Terns with their specialized wing, 
characterized by its long manus, all have very similar wing-developments, while 
tlmt of the Gull differs from them slightly and the Plover to a greater extent. 
They are, however, all of the same type, with its increase of the manus and decrease 
of the ulna and humerus in the embryonic period and increase of the humerus in 
the nestling. It may bo mentioned that four stages of the Wood Pigeon 
(7. palumhm^ have been measured, and it is interesting to see that what little of its 
development is known resembles that of a Tern, as does its adult wing. It is hoped 
in the future to work out its wing development in detail. 

It should be pointed out that the first two stages of the Common Tern are 
younger than the earliest stage of any of the other species. The changes in 
proportion during corresponding periods are very similar in all the Oharadriiforrn 
species, and it seems likely that the abrupt change in the rate of growth of the 
ulna and manus seen in the earliest stages of the Common Tern occurs in nil of 
them. It is hoped in future to verify this, and in the Common Tern to establish 
a number of other points in the region where this abrupt change in the rate of 
growth takes place. 

The adult Eider Duck has a very different type of wing from the other species 
and a different type of development, owing to the persistence of the short ulna 
from the late embryo onwards. The other two orders have their own type of 
development, the l^udgerigar being characterized by the constancy of the three 
lengths and the great length of the manus, the Thrushes by the variations of the 
ulna and manus. 

The present evidence does seem to point to there being a distinct type of wing- 
development for allied species of birds, and it would be of great interest to wwk 
out the development of a larger number specially chosen to throw light upon this 
subject. It is hoped in the future to be able to do this. It would be important 
to obtain the wing- development of one of the Auks. They are characterized by 
having a short ulna, and, as this is also found in the Eider Duck, it would be 
specially interesting to determine whether their development is like that of the 
Duck or like that of the other Charadriiformes. 

Y. The Measurements of Adult Wings. 

Tim adult birds whose wings have been measured are purely a random sample, 
consisting of all the birds* skeletons which happened to be available, and it is 
impossible to draw any definite conclusions from the present data owing to the 
Biiinll number vvhicdi have so far been measured. When the w^oik on wing- 
development was begun it naturally directed attention to the proportions of the 
adult wing and their variation from one species to another, and these measure- 
ments were taken in the hope of throwing some light on the subject. In discussing 
them, the lengths of the parts will be given as a percentage of the total length of 
the wing, and only the humerus, ulna, and manus are considered at present, though 
all the bones were measured. 

Among these eighty wings there are remarkable variations in the lengths of the 
parts ; for instance, the humerus of the Swift is 15*0 per cent., while that of the 
Little Grebe is 38 0 per cent ; the ulna of the Guillemot is 27*4 per cent., while that 
of the Green-billed Toucan is 42*2 per cent. ; and the manus of the Albatross is 
25*3 per cent., while that of the Swift is 58*8 per cent. These are the extreme 
measurements for the different segments, but it is more important to consider the 
lengths of the parts in the same wing. Some species have all three parts about 
the same length, as, for example, the Arctic Skua — humerus, 33*3 ; ulna, 33*8 ; 
manus, 32*8 per cent. — but all other arrangements are found, and examples of some 
of them are afforded by the species used for the wing-development work. It may be 
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noted timt, while there e.re a goon ^ % which have the 

lengths of the parts arranged in ascending order of magnitude, from humerus to 
manus, there are very few which have the uppu>..L‘ ,n 1 . 1 . 1 ^;' i^he lengths 

of the parts decreasing towards the man us. An example is the Little Grebe-— 
humerus, 38*0 ; ulna, 33’9 ; manus, 28*1 per cent. 

It is very difficult, except in a few coses, to find any relation between the 
proportions of the wing and the mode of flight or sliape of wing. The wing of the 
Swift, with its very shoii: humerus am] inaiius, seems well adapted to its character- 
istic mode of Right, and a simihiv wing is found in the Martin, as one would expect, 
though it is not related to the Swift. The Terns also have the same type, though 
less exaggerated, and their wings have much the same long pointed shape. Here 
the proportions may show some correlation with the type of flight. The Budgerigar, 
however, has very much the same type of wing, its manus being the longest of all 
those measured except the Swift, but it has a short rounded wing and a whirring 
flight. The Wood-Pigeon is also very different from the Terns in its mode of 
flight and sliape of wing, but in the proportions of its wings it is extremely like the 
Terns. (See Table I.) 

Table I. 



Humems. 

Ulna. 

Manns. 

Swift, Cypselus apue 

150 

26'2 

58*8 

Sand-Martin, Ootyle ripario . . 

21-9 

34*5 

43*6 

Wood-Pigeon, Columba palumhus 

29*2 

32*0 

38‘6 

Oommon Tern, Sterna fluviatilia . . . 

290 

33*9 

37*1 

Arctic Tern, Sterna macrura 

28-6 

33*6 

37*8 

Sandwich Tern, Sterna cantiara 

27-5 

34*1 

38*4 

Lesser Tern, Sterna minuta 

29-2 

33*3 

37*6 

Black Tern, ITi/drochelidon nijrm . ... 

281 

32*9 

39*0 

Budgerigar, Melopeittacus tindulatue . 

27-4 

31*0 

41*6 


Of the wings measured, fourteen have a manus which is less than 30 per 
cent of the whole wing, and all but four of these are large birds, the exceptions 
being the Silver Pheasant, two species of Toucan, and the Little Grebe. There are 
only tliiee conspicuously large birds which have been measured which do not come 
into this list. The.se are the Barnacle Goose, the Great Black-backed Gull, and the 
Gannet, and the Gannet is clearly of the same type, its mniiiis being 30*5 percent. 
There does seem to bo evidence here that a short manus and a large size tend to go 
together, but on the basis of so few measurements as are at present available this 
(wui be no more tlutn a suggestion to be verified in future. 


Tablk II. 


CoBVINiE. 


Humerus. 

Ulna. 

Manus. 

Eavon, C. coraaj .. .. 


28*8 

36*3 

35*8 

Hooded Crow, 0. cornix . 

...r 

29*0 

35-8 

35*6 

Book, C, friigilegus 


. .. 29*0 

35*2 

35-6 

Jackdaw, C, monedvla .... 
Oabbulinjc. 


27*7 

86*0 

86*3 

Magpie, P. rustiea 


81*1 

36*9 

32*0 

Jay, 0, glandariue 


81*9 

87*0 

81*1 


The Toucans are notoriously bad fliers, and possibly their short manus is 
correlated with this. There does seem to be a tendency for birds of weak flight to 
have a short manus, to which the Hoatzin is an exception, since the parts of its 
wing are practically equal in length. The short manus of the Toucan might 
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possibly be associated with reduction of the wing, as it is the segment which is 
most reduced in flightless forms, and the Toucans, according to Beebe ( 1916 ), 
inhabit dense forest, remaining in a limited area and never flying far. 

The present material affords several examples of allied forms having a similar 
type of wing. Seven species of the family Cbrvidaj have been measured, and they 
fall into two distinct groups (see Table 11 .). The members of the subfamily Corvmcp 
have a short humerus and the ulna and inamis about the same length, while the 
GaiTulhuje have a long ulna. The lerns and Auks are good examples, five species 
of each having been ineasui-o«l, each forming a compact group with a charac- 
teristic type of wing, and an interesting point is afforded by the Sparrow-Hawk, 
in which the male is considerably smaller than the female, but their wings are 
almost identical in proportions. 

The Auks liave a short ulna and a rather long manus, and it is interesting to 
see the same type of wing, only carried to a much greater extreme, in the Penguins, 
which are so closely convergent with tlie Auks in habits. The short ulna occni’s in 
other a(juatic forms, such as the Euler Duck, the Iled-Throated Diver, and the 
Watorlien.and so may possibly be connected witli the use of the wings in swimming. 
(See Table Ilf.) 


Table III. 



HumeruB. 

Ulna. 

Manus. 

Guillemot, Uria iroile 

36-2 

27*4 

36-4 

Bruiinich’s Guillemot, IL hrilnnichi . . 

34*3 

29-2 

35*3 

Razorbill, Alca iorda 

34-5 

28-0 

37-5 

Puffin, Fralercnla arctica 

3.5-4 

28-0 

36-6 

Little Auk, Mergulus alle 

34-3 

28-3 

35-3 

Black-footed Penguin, Spheniania dmnersus 

32-6 

25-3 

42-0 

Ro(5k-hoppor Penguin, JEttdyples rhrysocome . . 

31-2 

24-5 

44-1 

Gentoo Penguin, Pyyoacelea papna 

33-0 

23-6 

43-4 

Eutlyptula minor ... 

33-4 

25-3 

41-3 

Bod-throated Diver, C. aeptentrwnalia . 

36-8 

29-3 

33-9 

Rider Duck, l^omateria molliaaima 

33-4 

29-8 

36-8 

Waterhen, Gallinnla cJdoroptia 

34-6 

28-6 

36-7 


These resemblances of the wings of allied species suggest that a fuller study of 
the wings of a large series of birds from one group might be particularly interesting 
from the point of view of their phylogenetic relationships. Twenty -six species of 
the order Charadriiforines have so far l)een measured. The Auks and Terns, which 
are specialized groups, each has a characteristic wing, but the more generalized 
CharadriidcB and harinm have various types of wing, and the lengths of the parts 
are much less extreme than in the si)eciali/.ed groups. It is hoped that a more 
extensive study of the wings of these generalized groups may make it possible to 
determine whether these variations are due to diflerent modes of flight, to some 
other factor such as the shape of the intact wing, or whether there can be a certain 
amount of variation independent of i unction. In this case one would expect the 
wings of the most closely allied forms to be the most similar. It is interesting to 
note that the wing of the Arctic Skua, a primitive member of the Laridss, is similar 
to that of the Jacana, a primitive member of the Limicolce, according to the 
measurements given by Beebe for the Jacana. All the parts of these wings are 
about the same length. 

Beebe and Hartley lay stress upon the fact that in all the wings they 
investigated change in any segment was balanced by an equal and opposite change 
in one of the other two segments or by the sum of the changes in both of them. 
Nature-lly this occurs in the graphs b^use of the way in which the figures are 
oaloulatedy the sum of the calculated lengths of the parts at any stage being equal 
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to the length of the adult wing. Then if one part increases there must an 
equal decrease in the other two, since tiie auiu cou.5i-a-iiu It Jjos not seem that 
this baLince between the parts of the wing has any real significance, and though it 
is very striking in the graphs, this is merely a consequence of the way in which 
they ai’e drawn. 

The whole question of the proportions of the wing is so obscure at present, and 
so many striking exceptions arise in all attempts to coirelate proportion with the 
mode of Sight or any other factor, that it is impossible as yet to attempt any 
explanation. This paper can only serve to draw attention to the problem and 
form a preliminary study to further investigation along the lines indicated. 

SUMUABT. 

1 . The paper deals with the changes in proportion of the skeleton of birds’ wings 
during development, and with the proportions of the skeleton of the wing in adult 
birds of different species. 

2. The changes in proportion of the uing during development are described in 
ten species, belonging to four orders. 

3. Allied species tend to have a similar wing-development. 

4. There are no changes in proportion of the wing parallel with the development 
of the flight-feathers. 

5. The proportions of the wing in adult birds in some cases may be related to 
the mode of use, but in the great majority the significance is not apparent. 

6. Allied birds seem to have some tendency to have a similar type of wing ; 
this may be due either to similar habits or to their relationship. 

7. Large birds tend to have a short manus. 

8. In view of the above results it would be extremely interesting to investigate 
similar measurements in the cases of some of the flightless birds. 

9. No definite conclusions can be drawn from the data so far obtained. The 
paper is to be regarded as merely drawing attention to the problem and pointing 
out lines of investigation which it is hoped to pursue in the future, and the above 
conclusions are more suggestions than ascertained facts. 
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I, Historical. 

Bdara nitidioollis was originally described by Meigen (12) in 1818. As regards 
the name of this species there is still some difficulty. The present situation is 
clearly represented in some of the remarks on the subject by Mr. P. W. Edwards t, 
of the British Museum : — ** Lengersdorf has recently (Encycl. Ent. Diptera, v. p. 57, 
1929) re-examined Meigen’s collection, and states that the types of nitidieoUis are 
not this species ; but, on the other hand, the specimen labelled jKillipes Fab. is the 
species which had previously been called nitidieoUis, Lengersdorf does not say 
whether he proposes to adopt the name pallipes for your species ; in another 
paper (Deutsch. Ent. Zeitschr. 1930, pp. 52-54) he states that fsmstraUs Zett., 
sordideUa Zett., peetoralis Staeg., and trivittata Stieg. are synonyms, but I am not 
sure that he is right in i*egard to peetoralis. Of these names, the oldest is 
fenestralis^ which must be used for the species if pallipes is not adopted. Other 
synonyms previously given by Lengersdorf (Verb, Nat.Ver.preuss. Ehein. u. Westf. 
Ixxxi. p. 212, 1924) are solcmi Winn., venusta Winn., velox Winn.^ humilis Winn., 
segnis Winn., and Jlaviveniris Winn,” 

Zetterstedt (22) records this species in his * Diptera Scandinavise,’ in which 
he gives a short description of both a male and a female. He gives the habitat 
in graminosis et folliis fructicum.” The species was first recorded in Britain by 
Walker (21) in 1856, in which account reference is made to the descriptions of 
Meigen and Zetterst^t, and a short description given. Schiner (19) has also 

* This paper is part of a Thesis submitted for the degree of M.So. Wales. Communioated by 
Prof. J. S. Dunxjdblt, F.Z.S. 

t Bemarks quoted from a letter, by kuid permission of Mr. Edwards. 

^Boo. ZooL. teo, — 1930, No. LXY. 
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recorflod th© species in his ‘ Faiiiifi Austriacn.^ Tjiiter ciescriptiotts and figures RT© 
those of JolmnnsiMi (6) iimler the synonvni S. imndsefn Felt. 

The writer does not think it necessary to redescribe tlie external adult 
morphology of the species because the above references may be supplemented by the 
excellent accounts of the head-capsule of Sciarids given by Frey ( 4 ) and Peterson 
(18) and a fun (3). 

From time to til. Moeoi le lii' tory, 

injury caused by, and i rva but, with the 

exception of Keilin's “note , founu in l^ipterous 

larvte (7), little has been publibucu on luc lar\.o since Osten 

Sacken (17) published, in 1862, a short description of Mycetophilid larvae in general. 
Mallocli (10) has given a very short descripuun ui i^nu jiie-iii^ioiy ui an iinnientiHed 
species of Sciara, and Hungerford (6) has given an account of the habits, economic 
importance, and life-history of S. coprophila^ but gives only a very sboj*t (Inscription 
of the external morphology of the larvae (reference is made in this account to a 
paper by Bezzi (1) which has not been examined by the author). Tim most 
recently- published description of the larvae of a Sciaricl is that of Symes (20) on 
S, prxcox ? * Meig ; but, as will be shown later, this account differs in many instances 
from observations made during this investigation, and the figures are only roughly 
drawn. 


II. Description t. 

1. Internal Anatomy of Imago. 

Digestive System (text-fig. 1). 

The salivary glands (5) are small and ovoid in shape; a number of small 
yellowish-brown reservoirs on both sides of the (esophagus lead into a common duct 
whicli passes to the base of the hypopharynx. 

The (esophagus passes through the neck into the thorax, where it gives off a 
narrow duct whicli leads into a pyriform food -reservoir or crop (c). Vestiges of 
larval caBca (e) are present at the junction of the fore and mid intestines ; this is also 
the point of attachment of the fatty bodies, which evidently correspond to the 
mandibular glands of the larva. There is a sharp contraction at the junction of 
the mid with the hind intestine ; this is the point of entry of the four malpighian 
tubes, whicli are joined in pairs at their bases. 

The hind intestine consists of an elongated narrow portion followed by a short, 
muscular, pyriform rectum. 

Reproductive Systems. 

Tlie female genital system (text-fig. 2) is composed of two long ovaries, each of 
which leads into an oviduct which has a small dilation before it enters the common 
duct. Each immature ovary contains six rows of upwards of fourteen ovarioles, 
each containing an oocyte. All the eggs appear to reach maturity at the same time. 
There are two large ovoid spermathecee opening into two narrow ducts which unite 
a short distance before entering the vagina. The ducts of the two oval accessory 
glands also enter the vagina at this point. 

The male genital system (text-fig. 3) consists of two spherical testes from which 
vasa deferentia lead into a common duct. A small oval expansion occurs about 
half-way along this duct. Two ducts pass through this swollen portion, which 
probably acts as an accessory gland. From this point a short ejaculatory duct 
passes to the genital aperture. 

* Aocordingr to Edwards (3), the speoies described by Symes is Sf. agraria Felt, 
t The writer is indebted to H. W. Miles for the use of Ms notes on 5, varians f /oh, 
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The male, with wings spread and abdomen arched between its legs, runs up to 
the female from behind, with its claspers opening and shutting spasmodically : it 


Text-figure 1. 



PigeatiTe System. 

a. (Esophagus, b. Salivary glands, c. Food-reservoir, d. Dorsal vessel (heart), e. VoBtiges 
of larval oseoa. /. Fatty bodies, g. Mid intestine. 7i. Malpighian tube. i. Hind 
intestine, j. Beotum. k. Anus. 

eventually grasps the end of the femnle abdomen and then turns over to face in the 
opposite direction to that of the female, thus bringing the genitalia into juxtapo- 
pisitioh. Mating occurs almost as soon as the flies have emerged from their pupal 
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cases, coition generally takes a few seconds, but may occasionally last as long as two 
minutes. 

2. 2%s Egg and Egg4aying, 

Normally oviposition takes place about two days after coition ; but, when 
mating has been long delayed, oviposition may take place within an hour. When 
ovipositing, a female searches for a small crevice with the tip of its abdomen, a 
deep moist crack being usually chosen. In captivity the flies oviposited freely on 
scarred and slug-eaten celery roots, potato tubers, cabbage roots, and tomato roots. 


Text-figure 2. 



Female reprodootiTe organs. (X 50.) 
a. Ovary. 6. Accessory glands, c. Oviduct, d. Spermathece. e. Oeroi. 


The eggs (text-fig. 4) are generally deposited in short strings of five to ten 
placed end to end in succession. Occasionally the string is broken up and the egira 
are found lying side by side. They are white and translucent, and adhere to one 
another by means of a translucent mucus by which they are covered. They 
measure 0’33 mm. by 0*71 mm., and are somewhat i^lindrical in shape with 
rounded ends. Moisture is essential for development, and under fa^urabls 
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conditions all the eggs will hatch out. At the laboratory temperature, which varied 
from 6® C. to 22° 0., the shortest time in which the eggs hatched out was six days. 
At a temperature which varied from 16® 0. to 26° C. this period was shortened by 
thirty-six to forty-eight hours. 


Text-figure 3. 



Male reprodaotiTe organs. ( X 55.) 

a. Testis, h, Vas deferens, e. Ejaculatory duct, d, Hypopygium. e. Claapers. 


Development is rapid ; the embryo is distinctly visible as a longitudinal black 
mass on the fourth day. By the seventh day the larval head is clearly difier- 
entiated, and the mandibles are seen to be continually opening and shutting. 

3. Lama (text-fig. 12) 

The newly-hatched larva measures 0*8 mm. to 0*9 mm. long, and the head 
measures about 0*06 mm. across. It resembles the adult larva very closely except 
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in the fact that it has only one pair of spiracles ; these are present on the 
prothoracic segment. The young larvte commence feeding immediately after 
emergence, and, when disturbed, move rapidly away from the light. They become 
fully fed after eighteen to twenty days at laboratory tempeiutures. 

The body of the fully-fed larva is elongate and subcylindrical, with twelve 


Text-figure 6. 



Month-parts of larva. ( X 360.) 
fi, Labruxn. b» Maxilla, r. Mandibles. 


Text-figure 7. 



Labmm, ventral surface. ( X 440.) 
a. Fine claw-like bristles. 6. Forked solerite. » 


segments. The maximum length attained is 10 mm. The head is glossy black, 
complete, and strongly chitinized ; the general shnpe is subquadrate. Balsam 
mounts of the head measure about 0*3 mm. long by 0*3 mm. across. There are 
three large chitinized sclerites (text-fig. 6) — two lateio-ventral, and one dorsal in 
position. The former are connected on the ventral surface by an anterior wide 
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chitinized strip and a posterior strip which is very narrow. Viewed from the 
dorsal surface, the median dorsal sclerite is seen to be V-shaped, and is fused to the 
two lateral sclerites. 

The labrum (text-fig. 7) consists of a strongly-chitinized basal sclerite which 
bears a thin membranous structure fringed on its ventral surface by minute claw- 
like bristles. The basal sclerite or “ frame ” fits closely on to the dorsal sclerite, and, 
when viewed from the ventral surface, it is seen that each side of the ‘‘frame ” curves 
inwards and forks. The function of the labrum is noted by Osten Sacken (17) : 


A 


Text-figure 8. 


B 



A. — Mandible ( X 445) : a. Apical tooth, b. Snbapioal tooth, e, Mnecle of attachment. 

B. — Maxilla ( X 445) : a. Membranous indentated sheath, b. Maxillary palpus, c. Onter lamella. 

d. Inner lamella, s. Teeth, f. Hinge, g, Oardo. 

“ it seems to be principally to shut the oral orifice, and perhaps to press on the 
mandibles and maxillie during mastication.” 

The mandiblee (text-fig. 8 A) are attached to a small projection on the lateral 
sclerite, and are in a slightly oblique position. There are three large apical teeth 
and three small ones on the inner angle of the apex. The distal portion from 
which the teeth project is broad and has a distinct rounded projection on its inner 
edge, which bears the muscle of attachment. The articular bssal portion is very 
narrow. 
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The maoiiUcB (text-fig. 8 B) are prominently placed, and are larger than the 
mandibles. There is a larger triangular basal sclerite ot* cardo on to which are 
attached two lobes — a strongly chitinized narrow inner lobe is closely applied to an 
outer lobe, which is flattened and less chitinized. Theie is no actual fusion l^etween 
these two lobes, for slight pressure on a coverslip serves to separate them. The 
inner lobe is hinged to the cardo by a narrow strip of chitin ; it is serrated on its 
inner surface, having seven distinct indentations. The outer lobe has a small fleshy 
palp near its distal end ; this is visible as a round pellucid spot. A membranous 
indentated sheath is visible on the outer edge of the inner lobe. 

The homologies of these {>arts have not been defined, but it is likely that the 
outer lobe, as a whole, is the maxillary palpus, the small pellucid spot being a 
partially atrophied distal joint. 'J'his is suggested by comparing the maxilla with 
the figure of the maxilla of Bihio johannis L. given by Morris (13) ; the inner lube 
has been termed the mala. 

The labium (text-fig. 9) is situated between the maxillsB ; it is a Y-shaped struc- 

Text-figure 9. 



a. Bows of very fine teeth, h, BrietleB. c, V-ehaped aolerites. d. Membrane. 

ture, which according to Osten Sacken is probably used in connection with the cocoon - 
spinning of the larva. No adequate description or figure, however, is given. An 
inner and an outer rod of chitin ari^e from the branch of the Y on either side. The 
function of the outer i*od is probably to keep the labium in position. A very thin 
membrane is spread between the forks of the Y ; this bears on its inner surface at 
the distal end three rows of exceedingly short, fine, tooth-like bnstles. 

The antennas are sessile and very rudimentary; they occur on the ventral 
surface of the lateral sclerite just posterior to the point at which the mandibles are 
hinged. 1 could not detect a pellucid clear spot or ocellus below the antenna. 

The body of the larva is translucent and footless ; Johannsen (6), in referring to 
the characters of Mycetophilid larvss in general, states that ** the larva is without 
hair or bristles except that in some genera there are two transverse rows of simple 
or bifid ambulacra! setulss on the margin of each abdominal segment on the ventral 
side.’^ However, there are present on the larva of S, nitidicoUis^ on the vential 
surfaoe, at the junction of each segment, about twenty to twenty-five rows of 
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minute chitinous processes directed backwards and visible only under high magni- 
fication. There are also present on the thorax minute leg hairs ** similar to those 
on the larva of S. meduUaris described by Keilin (6 a). These are exceedingly 
short, rigid, sensory hairs situated latero-ventrally ; there are four hairs, arranged in 
two series, in the position of each atrophied thoracic leg of the larva.. The twelfth 
segment is curved ventrally to act as a pseudopod ; this, together with the 
chitinous processes, forms the means of progression of the larva. There is a well- 
developed peripneustic tracheal system with eight pairs of spiracles — one pair of 
prothoracic and seven on the first seven abdominal segments. They are small and 
rounded and situated laterally, similar in shape and brown in colour except the 
prothoracic, which is slightly larger, and situated in a more dorsal position than 
the abdominal spiracles. 

Interjial Structure of the Larva, 

The Alimentary Canal (text-fig. 10). 

The pharynx leads into a narrow oesophague which, after a short distance, is 
KuiTOunded by a large cesophageal valve: this has well-developed annular and 
longitudinal muscles. There is a sudden transition from the epithelium of the 
oesophagus to that of the mesenteron ; the internal longitudinal muscles of the 
oesophagus pass through the annular muscles to become external on the mesenteron. 

The mesenteron is of very simple construction, being a straight tube which 
extends to the end of the eighth segment. It is succeeded by the intestine, which 
may be divided into two tracts, the colon and rectum. The walls of the colon 
during the first part of its copi’se are very muscular and capable of dilation ; they 
gradually thin out to become very flexible. There is a sudden expansion into a 
wide rectum, the muscles near its termination become thickened, and the cavity 
becomes smaller, to open out at a very narrow anus. 

Four long Malpighian tuhules open into the alimentary canal at the junction of 
the mesenteron with the colon ; each runs forward for a short distance and then 
curves backwards to end blindly in the last segment. 

Glands (text-fig. 10). 

Two long salivary glands lie one on either side of the alimentary canal. A 
narrow canal is enclosed by an epithelial layer of cells with large nuclei ; these 
cells are very narrow in the anterior region of the gland, but become elongated in 
the posterior region to enclose an irregular reservoir. The glands pass into narrow 
ducts which unite in the region of the suboBSophageal ganglion to enter the fioor 
of the mouth. 

Two caeca are connected with the alimentary canal in the region of the oesophageal 
valve. These extend backwards for two-thirds of the length of the stomach ; they 
are highly nucleated and spongy in appearance. 

In addition to the above there are two mcmdihvlar glands^ a short description of 
which has been given by Keilin (7). They enter the mouth at the base of the 
mandibles and extend the whole length of the body. The ducts are veiy narrow 
and only just visible under the high power. Each gland is attached near its 
anterior end to the oesophageal valve ; from this point it curves over the dorsal 
surface of the alimentary canal and divides into two long cieoa about half-way 
along the length of the mesenteron. Two of these branches terminate in the tenth 
segment and two extend along the length of the mesenteron. Although these glands 
are large and take up a large amount of the body-space of the larva, Symes (20) has 
not represented them in his figure of the alimentary tract and glands of S.proecox,'* 
He states later, however, that *Hhe body cavity is densely packed with fatty 
tissues.” These are, in all probability, the mandibular glands. In addition to the laiwa 
of S, nUtdieoUiSf 1 have examined the larvae of S, aurifila Winn, and S, vwisms ? 
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Text-fififure 10. 



Internal structure of larva. 

a. Hoad. 6. Salivaiy duct. e. (Esopha^rus. d, (Esophageal valve, e. Salivaiy gland. /. Cieoum. 
g. Mandibular gland, h. Mesenteron. u Ma^ighian tubes, j. Colon, k, Heotum. 
1. Anns. 
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Job., and in each case tiiese glands were present and almost identical witli those of 

nitidicollia ; in fact, the only difference I could detect between the larvee of these 
species was that of size. Symes (20) has figured the head of the larva as being as 
broad as the body, even after dissection, and the salivary glands as reaching a point 
posterior to the point of attachment of the malpighian tubes. This again is 
improbable, as in all the species 1 have examined the salivary glands (unless they 
were stretched during the process of dissection) were only slightly longer than the 
caeca of the alimentary canal. 

The N'ervous System (text-fig. 11). 

The brain, or mpracesophageal ganglion, is two-lobed, and actually lies in the 
anterior region of the prothoracic segment. Two fine CBSOjihageal connectives pass 
round the cesopbagus to connect with the anterior end of the large svhtjesophageal 
ganglion. The head being almost completely tilled with the muscles of the mouth- 
parts, the brain has been pushed back into the first segment. 

There are three thoracic and eight abdominal ganglia. The first thoracic 
ganglion lies immediately behind the subossophageal ganglion and just inside the 
first segment of the larva. The second thoracic lies equidistant from the anterior 
and posterior margins of the second segment, and the third thoracic lies just inside 
the third thoracic segment near its anterior margin. All three thoracic ganglia 
are joined to one another, and the third thoracic is joined to the first abdominal 
ganglion by distinct double connectives. 

The first to the sixth abdominal ganglia lie in the abdominal segments 1 to 6 
respectively, and in a similar position to that of the third thoracic ganglion ; 
the seventh and eighth abdominal ganglia lie on the junction of the sixth and 
seventh and seventh and eighth abdominal segments respectively. These ganglia 
are joined by double connectives which are fused to form apparently single 
connectives on leaving the preceding ganglion. The eighth ganglion gives off* two 
comparatively large nerve-fibres directed posteriorly, these divide up into nerve- 
fibres in the region of the anus. Each ganglion is distinctly bilobed, and each lobe 
gives off a nerve, in a lateral direction, from a position about one-third of the 
length of the ganglion from its anterior end. 

These observations agree with those of Symes (20) only in so far as the supra- 
and sulxBsophageal ganglia are concerned. In describing the nervous system, 
Symes (20) states that the nervous system is composed of eight ganglia, two large 
ganglia just behind the head representing the supra-and suboesophageal ganglia, 
and six in the body.” This is probably an inaccurate observation, as in all the 
Sciarid larvae examined by the author the nervous system was almost identical with 
that described above. Morris (13), when discussing the affinities of the larva of 
Bihio johamiis L., states that it bears a closer resemblance to the larvae of 
Mycetophilidae than to any other group. This resemblance appears to be due to 
the fact that the two families are phylogenetically closely related.” 

The accuracy of this statement is borne out by the present observations, for 
with regard to the nervous system in particular there is a very close resemblance 
between that of B, johavmis L. and S, nitidicoUis. The number of ganglia in the 
two species is identical ; the whole system differs only in the position of the eighth 
abdominal ganglion. In B. johannis L., Morris (18) describes this ganglion as being 
in the posterior region of the eighth abdominal segment, whereas in Sdara it is 
situated on the junction of the seventh and eighth segments. 

The Tracheal System (text-fig. 12). 

Two main longitudinal tracheal trunks extend almost the whole length of the * 
body of the larva. From the prothoracic spiracle a branch runs in to connect with 
the main trunk from one side ; from this point one branch runs forward into the 
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Text-figure 11. 



Kerrona BTatem of larva. 

a. Oeplialio nerves. 6. Snpraoeaopbageal ganglion, e. Snb<BBopliageal ganglion. d. First 
thoraoio ganglion, e. Second thoracic ganglion. /. Third thoracic ganglion, g. First 
abdominal ganglion, h. Segmental division, i. Anns. 

head and one curves ventralJy to divide into a ventral branch and a branch 
which is a part of the secondary' longitudinal system. The main trunk passes 
backwards and gives off two ventral branches, one into the second and one into the 
third thoracic segment. In ^h of the first abdominal segments the system Is 
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Textrilgure 12. 



Tracheal eyetem of larya. (X 17.) 

rt. Head. 6. Prothoracio spiracle, c. Secondary longritudinal system, d, First abdominal 
spiracle, e. Main longitudinal trunk. /. Seventh abdominal spiracle. </• Transverse 
connective. 

similar, con.sisting of a main trunk, a ventral branch, a small dorsal branch, and 
n branch opening out at the spiracle. Posterior to the last abdominal spiracles a 
transverse branch connects the two lateral trunks ; beyond this point the main 
system splits up into tracheal capillaries. 
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4. The Prepupa (text-fig. 13). 

When fully fed the larva becomes sluggish, and for about two days works at the 
construction of a crude pupal shelter or cocoon. This is built of minute pieces of 
material on which the larva has been feeding, bound together by veiy fine silk-like 


Text-figure 13. 



threads. After a period of quiescence lasting about twenty-four hours, during 
which the larva becomes shorter and stouter, imagiual eyes (text-fig. 13) can be 
seen as small, triangular, spotted ai'eas visible through the chitin of the prothoracic 
segment : finally the larval skin is cast off to reveal the pupa. 

5. The Pupa (text-fig. 14). 

The pupa is obtect and measures about 2'6-3*2 mm. in length. It is at 
first yellow or cream-coloured, becoming brown in a few days and finally black. 
There are two short, curved, pointed processes on the dorsal surface of the head and 
a small expansion at the base of each antenna. The antennsB are bent around the 
eyes, their distal portions resting on the ventral surface of the pupa. The legs are 
closely applied to the ventral surface the tarsi of the posterior pair extend ns far 
as the fifth abdominal segment. 

The prothoracic spiracle is laige and placed on a small projection a short 
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distance above the base of the wing. There are six pairs of abdominal spiracles. 
The female in tlie pupal stage is easily distinguished by the large size of its abdomen. 


Text-figure 14. 



Pupa, 9 . (X 43.) 

a. Dorsal bristlo. 6. Antenna, c. Eye. d, Prothoraoio spiracle, e. Prothoraoio leg. 

/. Wing-sheath, g. First abdominal spiracle, h. Genitalia. 

The duration of the pupal period under laboratory conditions is twelve to 
fifteen days; at a temperature varying between 15^ C. and 26^0. the period was 
isfhortened to eight days. 



LIFB-HXSTOBT OF fiOIABA NITIDieiOLLIB. 


1025 


6. Emergenoe. 

Before emerging, the pupa works itself forward out of the cocoon until only the 
last three or four abdominal segments are left inside. On drying, a split occurs 
along the dorsal surface of the* pupal skin. The imago works itself forward in the 
pupal skin by convulsive movements of the abdomen until its head and prothorax 
are extruded ; at this stage the head is bent forward on the thorax. The head is 
now lifted and the antennas are drawn out from their sheaths. The legs and wings 
are drawn upwards until the wings become free ; immediately this happens the 
prothoracic legs are pulled up to rest on the outside of the pupal case, the abdomen 
is stretched out inside the pupal case, and there is a discharge of rectal fluid. This 
is followed by a contraction of the abdomen, and after a short period of violent 
activity the insect is free. 

Tlio wings on emergence arc folded, and extend only as far as the third 
abdominal segment. The newly-emerged insect runs about, pausing frequently 
in efforts to distend its wings, which become fully expanded after approximately 
half an hour. 

The shortness of the period tfikcn by the species to complete its life-cycle is 
emphasised if the various stages are tabulated as follows : — 


Egg Hatches in 6-8 days. 

Larva Fully fed after 1 8-20 days. 

Prepupa Constructs cocoon in 1 day. 

„ Period of quiescence 2 days. 

Pupa Imago emerges after 8-15 days. 

Imago Oviposits after 1-2 days. 


From the above table it is seen that, under laboratory conditions, the shortest 
life-cycle of this species is complete in thirty-six days. 

These times agree very closely with those obtained by Byrnes (20) for S. prcecox 
Meig., but differ widely from those for S, coprophila given by llungerford (5) : — 


B, pracooj. 8. coprophila. 

Egg 5-7 days 6 days 

Larva 19-32 days 11-12 days 

Prepupa 1 day 

Pupa 8-11 days 5-6 days 

Imago 1 day 1 day 


The shortest period for S, proRCoor is thirty-three days and for S. coprophila 
twenty-four days. 


111. SlJMMART. 

The species S, nitklicollis was bred out from decaying celery roots. The 
synonoiny has been discussed and reference made to the original and subsequent 
descriptions of the fly. An account of the life-history has been given, together 
with descriptions of the various stages and the times taken in the different stages. 
After a short description of the adult the life-history is described, beginning with 
the egg-stage. 

The author is indebted to Professor J. B. Dunkerly and Mr. H. W. Miles for 
helpful criticism and advice, and to Mr. F. W. Edwards, of the British Museum, for 
identifleation of the material and for very valuable criticism. 

Ppoo. ZooL, Boo.— 1930, No. LXVI. 66 
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1. I NTRonuerrioN. 

This impel* einhodios the results of a study of local and colonial variation in 
tli-^ Pointed 8nail, Cochlicella acuta (MGll.), which we have conducted during 
11)27-1930. The mollusc in question is a representative of a Palajarctic genus 
of Helicid land-snails. Tt exhibits very remarkable and cliamcterist ic \ariation 
in the colour-pattern of the shell — variation, indre«l, which obtained for it 
the name “ Ihdimus variahilis ” from Hartmann (1821). It is distributed around 
( he Western littoral of Europe, and passes along the north and south shores of 
the Mediterranean t about as far east ns Palestine, and reaches the shores of the 
Black Sea. 

The peculiar local distribution of this form in populous colonies, and the 
striking variation in col our- pattern, render it a suitable subject for research on 
local variation and race-formation. 

lUie object of our studies was to ascertain to what extent separate but 
ailjaoent colonies + of such an animal of sedentary habits and with no apparent 
contact between its colonies, show significant differences of an order that could bo 
treated statistically ; whether there is any regular and fixed relationship between 
degree of isolation and structural divergence ; and whether such colonies remain 
stable over a given period of years. 

At the present time, while we are still in iguorance as to how races and species 
arise, it is very desirable to obtain some positive facts as to the way in which 
variants are distributed in a limited section of a natural population and in what 

** For explanation of the Plato, see p. 1055. 

t Some French writers (Fagot (1883), Pallary (1909)) distinguish C. acuta and 0. harhara. 
Whatever may subsequently turn out to be the right name of this form, we have absolutely no 
doubt that the oiroum-Mediterranean and British forms called C, acuta are identical. 

t The term “colony” is used in this paper to designate any topographically isolated 
oommunity of individuals of a species. In land-snails such colonies are found in self-contained 
ti^ogzapfaioal features such as hedge-banks. 
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circumstances of environment. We do not pretend that a single study based on 
one member of a large and diverse phylum can give us a universal rule. The 
interspecific divergences of birds, insects, marine worms, etc., probably follow 
peculiar and individual courses of their own which are not comparable with that 
found in land-snails. 

The isolated or semi-isolated colony of a sedentary organism like a laud-snail 
may be said to be a good example of the initial stiige of that form of group- 
divergence that has given us iRces, varieties, and species. If wo admit that the 
origin of a single new character or phase of a character is the first step in 
evolutionary divergence, the colony is about the first stage at which distinct 
groups composed of tlie offspring of more than a single union are developed and 
a large number of similar individuals segregated from other like aggregates. 
The constitution of such colonies, the amount of statistically “ significant ” 
difference between them, and the isolation between such divergence and diver- 
gences in environment may give us a clue to the way in which larger groups are 
developed. 

We say advisedly “ may ” ! We do not regard it as at all proved that the 
colony or isolated community is always the forerunner of the race or species. 
The groups formed within a localized population may be subject to continual 
breakdown. The isolated unit of one year may be resumed into the general 
population in the next, either by the de\elopment of some means by which 
the members of one colony are intermittently transfeiTed to another, or by the 
complete reunion of isolated colonies. 

Studies designed to elucidate some of these questions have been undertaken 
on land-snails by Orampton (1916, 1925), Boycott (1919, 1927), Aubertin (1927), 
and Alkins (1928). The results of these enquiries will be discussed in due course. 

In a work of this nature it is desirable to accumulate all information on the 
life-history and habits of the animal studied that will assist in interpreting 
the results. We have been at considerable pains to amass all the data we could 
on the distribution and variation of C, acuta over its entire range, as it has 
occurred to us that it is desirable to know («) to what extent the localized 
population under review may exhibit, either in part or as a whole, any phases 
recognizable as climatic ” variation, which might be revealed from a study of the 
species over its entire range, and (6) what relation the variation of the Sussex 
colonies bears to that of the species as a whole. 

We have also been drawn, through the obvious necessity of considering the 
age and origin of our colonies, into a rather detailed inquiry into the history of 
the species in the south of England. Here we have been brought up against 
problems intimately concerned with the nature and differentia of our colonies, 
but of a different order, and it has been found that the natural history of 
C. acuta^ at least in so far as its distribution in southern England is concerned, 
presents some interesting problems of a special nature. These problems are by 
no means solved in this paper, and will require much further observation in the 
field. 

The work was carried out on colonies of C, acuta found in Sussex at Saddles- 
combe and Bottingdean, near Brighton, and at Burpham, near Arundel. For the 
purpose of studying the broader features of variation in the species we have obtained 
specimens, either by personal collecting or by loan fi*om collectors, from many 
places in the British Isles, continental Europe, and N. Africa. We are i[ndebted 
to many friends for assistance in this work. Perhaps our greatest debt is due 
to Mr. H. S. Toms, who was the pioneer of the study of this species in Sussex. 
Dr. R« A. Fisher, F.R.S , has examined some of our figures, and has expressed 
his agreement with certain views set forth in section 8. We desire to acknow- 
ledge the assistance of Mr. H. W. Davies, Mr. 0. W. Richards, Mr. R. Winck- 
worthy Miss M. Strickland^ and the Hob. Anne Palmer fdr kindly obtaining 



TttE NATUBAL BIBTOKY AMD VillUATlON OF TBE POIMTBD 6MA1L. 


1029 


various series, and of Dr. A. E. Boycott, F.R.S., Mr. 0. Oldham, Mr. J. R. 
le B. Tomlin, Mr. J. W, Jackson, Mr. H. Watson, Major M. Connolly, and the 
Rev. S. Briggs for the loan of material. Miss Palmer, the lion. L. Lindsey, and 
Lt.-Ool. L. Baker kindly undertook a survey of different parts of Hampshire 
and West Sussex for us (see p. 1037). We are indebted to Captain S. T. Robson 
for the series of length-measurements mentioned on p. 1033, which will be 
published with other matter in a second contribution. 

The expense involved in this study has been defrayed by a sum from the 
Government Grant Committee of the Royal Society, to which acknowledgment 
is hereby made. 

2. Paooedube. 

(7. amta exhibits, as we have said, very extensive variation in colour-pattern. 
The size and proportion of the shell itself are variable, but in a less marked 
degree. We therefore selected the colour-pattern as the best-suited item for 
study. Our object, briefly stated, was to define the various pattern-phases, to 
discover in what percentage each phase whs represented in certain colonies, and 
to find out by the usual statistical tests the significance of any divergences in per- 
centage-ificidence that might occur. Nine colonies in all were selected. Of these, 
two groups of four and two colonies were adjacent and almost contiguous, two more 
were disbint, about 1 mile apart from each other and some 5 miles from the 
first. The ninth was about 1.5 miles from the preceding eight. Our colonies 
thus present a roughly-graded series with increasing distance apart, from which 
we might expect to ascertain if thei'e is any relation between the amount of 
structural divergence and the degree of geographical separation. 

The colonies selected were ns follows Four at Saddlescombe (Nos. XXIX., 
XXX., XXXI., and XXXIII.), which is about 4 miles due north of Brighton; 
two (D.C.R. and XXV.) at Rottingdean and Saltdean ; two just w^est of Rotting- 
dean (LX. and LXI.), and one at Burpham, about 3 miles north-east of Arundel 
(XLVIII.). These eight colonies differ in the ecological nntui*e of the habitat. 
The Saddlescombe colonies are from a downland roadside bank at an elevation 
of about 350 feet above the sea and 4 miles from the latter. The Rottingdean 
colony is from a flat turfy roadside about half a mile from the sea. The Salt- 
dean colony is from a precipitous bank just above a low cliff 15 feet above high-water 
mark. The West Rottingdean colonies are from a roadside bank close to the sea. 
The Burpham colony is from the surface of a grass-field on an isolated spur of the 
Downs above the River Arun, about 5 miles from the sea. The exact ecological 
nature of each habitat, the flora, and the pH values of the soil are given in section 7. 
We need only say here that, of the Saddlescombe colonies, three are in habitats 
very similar to each other, ecologically considered, and one is in a rather different 
habitat. Those in the Rottingdean area and at Burpham are dh similar inter se 
and from those at Saddlescombe. It will thus be seen that an opportunity is 
presented of studying any effect that environment may have in producing local 
divergences. 

With the two-fold object of ascerbiining what annual changes take place in 
the colonies, and of determining how far annual change may affect significant 
inter-coloniul differences in any one year, we obtained two- and three-year series 
in most of our colonies, and samples from the colonies at D.C.R collected in 1920 
and 1922 were lent us by Mr. R. Winckworth. 

In all we examined 3527 specimens from the Sussex loci and about 3000 from 
other places in the British Isles and the Continent, some 6500 specimens in all. 

For many reasons it would have been desirable to conduct breeding experi- 
ments with the various varietal forms. We were compelled, however, to limit 
our inquiry to the facts of variation, natural history, and distnbution. We are 
able, however, thanks to the kindness of Mr. Hugh Watson, who has carried out 
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some genetical observations on the species, to include some useful and critical' 
notes on this subject. 

Some of the Saddlescombe animals were kept alive in specially prepared 
vivaria for about six months in order to study the growth-rate. The animals 



lived well in captivity, and we secured several broods of young from eggs laid in 
October. 

The work of collecting the data and determining its significance (p. 1043) was 
undertaken by two of us working in common, so that a check was kept on the 
necessary determination of pattern and the calculations involved. 

3. Shbll-paitern and Stbuctukk. 

(a) Paiitem , — The shell of chcutoi, is an elongate, rather narrow one, com- 
posed of nine whorls. It attains a maximum size of 26*5 mm. Its coloi^ation 
and pattern consist of three main elements ; — (a) Uniform white or faint straw 
ground-colour; (6) one or two dark bands seen externally on the last and 
penultimate whorl ; (c) transverse markings of neat alternate stiipes of white 
and brown (“ flammulate ”). 

The banded pattern and the flammulate are by no means uniform. The former 
occurs in the following phases : — 

A. i, A single complete dark band. 

ii. A single broken band (a senes of spots). 

B. i. Two complete bands of equally intense colour. 

ii. Two bands, of which one is deep brown, the other a light chestnut. 

iii. One complete band, and the other broken into a series of spots or 

blotches. 

iv. Two broken bands. 

V. Two bands fused. 
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The ilainmulate pattern is seen in the following phases : — 

(а) The dark stripes deep brown. 

(б) The dark stripes pale brown. 

(c) A series of three stripes (composed of a dark brown and a light brown 
stripe, followed by the original white “ flanimula”), or of two stripes 
(a brown and a “ flammula”). 

The very remarkable amount of variation in the pattern of this form is due at 
the offset to the fact that the seven band-phases and the three ilammulate phases 
unite to produce a great number of combinations. Thus the three flamuiulate 
types may be eacli found combined with one complete baml, one broken band, two 
complete bands, or one complete and one broken band or two broken bands. 

Many subordinate <leviations from these primary phases and combination are 
found. Thus the two broken or complete bands may be separate or contiguous; 
one or more bands may combine with one of the Hammuiate phases and show 
an extension up each dark stripe ; or again, in the ilammulate dark form the 
“ flammulie'* may practically disappear, leaving a mehinic condition. 

Toms (1922), who studied the large inland colony at Saddlescombe, proposed 
a classiGcation of the permutations and combinations of the pattern -elements 
found there. He I'ecognized 29 different forms, to which he gave varietal 
names, lleserving our opinion as to whether these should be recognized as 
taxonomic entities, we have largely adopted his basis of classification. In the 
material we have bad under review we have recognized some 42 forms. It 
will be at once apparent to all who are familiar with colour-pattern in the 
molluscan shell tliat such items as ground-colour, the size of a band, or of 
the spots produced by the brenking-up of a band will be subject to much variation 
in themselves. In C, acuta the phases sketched above are readily discernible; 
but there is a large amount of subordinate variation which quite often renders it 
difficult or impossible to assign a given shell to a pattern-category. Our object 
being to study the percentage-incidence of colour-patterns in each colony, we 
found it necessary, having regard to the number of specimens available, to select 
a grouping of the patterns that corresponded with some well-marked genetic 
tendency and was sufficiently clear-cut to allow us to disregard the host of minute 
subdivisions that we obtained. It w ill be apparent, of course, that with samples 
averaging 160 specimens apiece the 40 categories discovered w^ould not only be 
very cumbrous, but would produce (as we actually found) in many cases categories 
represented by so few individuals that the signiGcance or non-significance of the 
corresponding percentage of patterns could not be satisfactorily tested. We 
therefore grouped our patterns in tlu'ee main groups;— “A,” unhanded (including 
flammulate and other non-banded types); ** B*,” handed ; and banded and 

fiammulate. These categories seem to us to represent definite varietal tendencies 
and to accommodate satisfactorily most of the intermediate forms which it would 
be difficult to place in a more finely-graded system. 

b. Shdl-airucture , — We liave examined transverse and longitudinal sections 
of the shell (prepared for us by Mr. R. H. Spires of the Geological Department 
of the British Museum) under a Zeiss binocular, 4 ocular x w.3 objective. We find 
the inner (nacreous) layer of the shell continuous and very largely unaffected 
by pigment-deposition. The outer (prismatic) layer in the fiammulate forms 
exhibits differentiation corresponding with the superficial pattern. The deep 
layer under the white flammulse appears as solid masses of unpigmented calcite. 
The fiamnmiae may be covei'ed by the thin periostracal sheath that covers the 
whole shell, and is slightly tinted .by pigment. The dark bands that alternate 
with the flammulffi are seen in section as masses of pigmented shell-substance that 
are dearly demarcated from the white areas, and pass down to come into contact 
with the nacreous layer. Whether these are masses of pigmented conchiolin 
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alone or whether they contain some calcite as well is uncertain, and there is no 
information in the literature of molluscan shell pigmentation to elucidate this 
point. In the banded form the area of tlie prismatic layer underlying the hand or 
bands is exactly similar to that under the longitudinal stripes of the flammulate 
form, but the amount of pigment is usually greater, and it also seems to invade 
the nacreous layer, 

A point of no little interest is involved in the question of the shell-pigment. 
Distaso (1908), who worked on the structure of the shell in Cepea^ found 
in that form that there are two kinds of dark pigment — black and reddish. 
GOrnitz (1923) has similarly distinguished between black (eiimelanin) and 
reddish (ph mom elan in) in the plumage of birds. Distaso found tliat it is the 
reddish pigment that forms the bands on the mantle, whicli nearly always 
correspond with the shell-bands. He does not specifically state that it gets 
from the latter into the shell-tissue; but it is a fair inference that it does so, 
and that the varying intensities of brown- blaok pigmentation are due to varying 
concentration of its granules. If this is true, and if the reddish pigment of the 
Pulmonata is in any way comparable to that found in biids, then there is a very 
curious difference in reaction between the molluscan and avian phtcomelanin. 
Gornitz found that the phsBomelanin of birds increased in dry conditions, whereas 
in €• acuta^ at least, it is conspicuously reduced in dry areas (see p. 1049). 

4. Habits and Life-histouv, etc. 

The genus Cochlicella has been given a different status by various authors. 
Thus Pilsbry (1894) treats it as a subsection of lieliceUa (Helicida'), and Ellis 
(1926) makes it a genus of that family equivalent to llelicella, Theba^ Helisc, 
etc. The peculiar structure of the reproductive organs seems to justify Ellis’ 
choice. However that may be, the group, as at present known, consists of some 
seven species, all of which are of circum-Mediterranean distribution, principally 
oocurring in the western end of the latter. Acuta may be legarded as the only 
true Lusitanian species, though ventricosa occurs in France and the Iberian 
Peninsula and pnngi in the latter. All the species seem maritime in their habitat, 
and are especially found in the islands of the Mediterranean and N.E. Atlantic. 
Acuta is essentially an inhabitant of dunes, turfy cliffs, and hedge-banks, either 
at the very verge of the sea or within a few hundred yards of it. It is some- 
times found in very inhospitable places of this kind. The colony from which 
we have obtained specimens on Tennyson’s Down, just above the Needles (Isle of 
Wight), is an example of this. The animal was living there in piactically naked 
chalk-rubble, or in the latter covered by a sparse mat of thin grass. 

As 0, acuta has this marked preference for maritime habitats, it is surprising 
to find that in three localities in the British Isles it has independently made 
itself at home at more or less considerable distances from the sea. In Ireland it 
occurs practically all over the country (Stelfox, 1911), In Dorset it is found 
3 miles inland at Winfrith. In Sussex our Burpham colony is 5 miles from the 
sea, and that at Saddlescombe 4 miles. 

Dupuy (1849, p. 313) speaks as though it was found more regularly away 
from the coast in Fr&nce toutefois on le rencontre aiissi dans I’int^rieure des 
terres, mais plus particuli^rement le long des fieuves.” Germain (1908, p. 234) 
records permanent colonies in France (see below, p. 1039). In Spain Bofill and 
Haas (1920, p. 474) obtained it at Montserrat and other places far from the 
sea (q/*. also Hidalgo (1875, p. 183)). The early record of Hartmann of its 
occurrence at Romanshorn (Switzerland) and at Freibourg (Breisgau) seems 
correct, but these occurrences are not given by Geyer (1927) in the modern 
German faunal list, nor by Mermod in his Swiss fauna (1930). 
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Although we admit that in one area at least there is good evidence for its 
iiccidental transport, which we believe must be facilitated by some special habit 
of adhesion, or else by the occupation of habitats from which accidental transport 
is more than usually feasible, we do not think this is the whole truth of these 
local invasions of inland habitats. It seems to us very unlikely that so plentiful 
and so widely distributed a form could escape accidental transport — e. g. in the 
south-west or north-west of England and Wales. Nevertheless, we have no 
evidence of its occurrence inland in these parts. 

The species usually occurs in very great profusion, though in what one would 
c.ill a “patchy ” fashion. For example, one of us (G. C. R.) obtained it in 1929 
ill great numbers on rough dune-pasture west of the village of Param^ (Brittany), 
though it was but sparsely found in similar habitats eastwards of that locus. 
Some writers have noted a special preference on its part for certain plants (c. , 

R/.ymowski, 1914), though in our experience it is tolerably eclectic in its tastes. 
'J'he range of habitats is also wide, and includes pure dune with Mariam 
(Marazion), dune-pasture (passim), dune-waste (St. Mary, Scilly Isles), chalk 
debris (The Needles), hedge-banks (Sussex), fallow fields (Burpham), and gi-ass- 
plots (Rottingdean). As far as we can see it is, unlike many Pulmonates, 
neither crepuscular nor nocturnal. It may be found climbing actively on stalks 
and leaves at any time of the day. Nor is it, in our experience, so dependent on 
moisture as, s. gr., the Oepaeas. At least its activity is not so markedly associated 
with dew and rainfall. 

Breeding seems to go on from July until November. Our earliest annual 
record of couples taken in coiiu in the field is in early July (1925, St. Mary, 
Scilly Ihles), and we have records as late as tlie second week of November. Mr. 
H, S. Toms (M8.) believes that the principal hatching takes place in April, and 
that the animal becomes sexually mature in September. We found that in 
captivity eggs were laid as late as November. Toms (MS.) also believe.s that the 
majority of the snails of one year are killed or die off in the winter. There will 
be, no doubt, a heavy winter mortality; but there can be little doubt that 
(7. acuta lives longer than one year. Data on this subject will be published in a 
later communication. It is enough at present to point out the following facts : — 
(a) The animals attain a maximum size of nearly 27 mm. ; individuals of 20 mm. 
are fairly common, and the average size W 3 have obtained in our colonies is 
15 mm. In captivity healthy snails seem to put on about 2 mm. a month during 
the period of maximum growth. It would thus stand to reason that the snails 
born in June of one year would be about 12 mm. long at the beginning of the 
next year, and the forms averaging 15 mm., and often attaining 20 mm., must 
represent a population that survives from one year into the next. Actually a 
series obtained for us at Saddlescombe in April contained a large number of 
individuals, 14-16 mm. long, which are quite certainly young adults born in the 
previous year. (6) This conclusion is reinforced by the discovery, for which we 
are indebted to Captain S. T. Robson, who kindly undertook the necessary 
measurements, that each colony usually exhibits a bimodal length-curve (text- 
fig. 2) of such a nature as to suggest that each of our samples collected in October 
contains examples of two-year groups. More rarely there is evidence of tri- 
modality, suggesting that a few last over into a third year. 

We feel thus justified in believing that (7. acuta has an expectation of at least 
two years, though the heavy winter mortality probably kills off a high percentage 
each year. 

As regards the intimate vital condition in which this form lives, very little 
can be said. Living as it does amid vegetation in banks and similar places, it is 
probably exposed to the attacks of field-mice, voles, and carnivorous beetles. 
We have no evidence of the attacks of any regular enemy, though one usually 
Queounters a cei*tain number of broken shells in each locus. Step (1927, p. 362) 
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says that in Cornwall sheep have a preference for cliff-pastures where acuta and 
HeUcella virgata occur, and he seems to have had evidence that the snails are 
palatable to the sheep. A certain percentage exhibits a curious and significant 
mark — a hole, about 1 mm. in diameter, drilled through the body-whorl. This 
may be the exit-hole of a parasite. In some localities a parasitic Dipteran is 
responsible for a high mortality. Its larvss may be found living in the bodies 


Text-figure 2. 



of living and dead snails in large numbers. We have found heavy infections of 
this form at Burpham (XLVII.) and one colony at Bottingdean (LX,). The life- 
history of Sarcophagines and their attacks on other Helicoid snails are described 
by Keilin (1919) and are further alluded to here (p. 1038). The identity of the 
Sarcophagine that parasitizes C. acuta in England has not yet been established. 
BOttcher (1913, p. 367) states that Giard bred Sarcgphaga aeiipennU from C, acvJta^ 
obtained from near Wimereux. 
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Tliere is a final point of interest in tlie bionomics of this forni with some 
bearing on our general problem. In their survey of the post- Pliocene land 
inolliisca of the South of England, Kennard and Woodward (1001, paaaim^ 
Kennard, 1023) cite this species only from Bath (p. 235), Wideinoiith Bay, neftr 
Bude {L c.), and the Cornish Towans (Z. c.). The first-named deposit is pre- 
Boman, the second })re8umably Neolithic, and the Towans are “ probably quite 
modern.^* The only Pleistocene record is from Newquay (Cornwall) (p. 247), 
though there is an ambiguous Cornish record of Prestwich’s (p. 248) of Bulimus 
ventricosus Drap., which may be an error for (7, acuta. It is fui ther pertinent 
to add that in Holocene deposits at Eastbourne, Brigliton, and Freshwater there 
is no trace of it. Its absence is to be noted from Cissbury, 8t, Catherine's llowii 
(Isle of Wight), Helsey and Dover, places where, had it been plentifully distributed in 
Hout.h England at the dawn of the historic period, one wouUf have expected to find it. 
One of us (A. E. E.) examined a rich llomano- British deposit at Upper Beedifig, not 
far from Saddlescoinbe, without finding a tnice of C, acuta. Although the Holocene 
and earlier deposits of the Hoiithof England are probably not exhaustively known, 
the survey of Kennard and Woodward is of sufiiciently wide scope, and takes in 
enough of the area in which C, acuta is now found, to make it very likely that 
this species is a newcomer in the south and south east of England. We would go so 
far as so to suggest that its arrival in Sussex was subsequent to Roman times. 
That this form has some means of rapidly spreading seems to be proved by the fact 
that it is now widely distributed over most parts of Ireland, though in 1862 
(Jeflrcys, 1862, p. 234) it was said to occur inland only occasionally. 

We allude on p. 11)39 to the way in which the species seems to get carried about 
fi'om place to place in Sussex and elsewhere. We are as yet unable to say how 
this is efiectecl, l)ut Jeffreys (Z. c, p. 234) has an observation that may throw 
some light on it. He says that the attachment to grass, etc., is ‘^efiected by 
means of a pellicle secreted in the same way as the epipbragm.” 

We cannot hid]) thinking that there are some rather exceptional circumstances 
which govern the local distribution of this species. Thus it is quite well repre- 
sented on the smaller islands off the Scottish and Irish mainland. Nevertheless, 
in Stelfux’s ‘‘Clare Island Survey” it is noted as absent from Clare, Inishturk, 
and Caber, whereas forms like HeliceUa itala ami Helix aspersa get on to all the 
islands. Stelh)X (Z. e. p. 38) comments, with surprise, on its absence from Louis- 
burgh (W. Mayo), an area very rich in snails. Equally suiquising to our minds 
is the fact that, although it has been known since 1841 from the Freshwater 
Downs in the Isle of Wight, it has never spread eastward of Afton Down in that 
area. 

5. Geographical Distribution of the Patterns. 

Before we deal with the intensive study of our Sussex colonies, it will be as 
well to discuss tho distribution of the })atterns at large in the British Isles, 
the Continent, and N. Africa. 

We have not undertaken an intensive study of the distribution, as this would 
involve a critical scrutiny of many doubtful records. As far as we can speak 
from a general survey the distribution is as follows ; — 

British Isles (a) Irda/ud, Widely distributed on the coasts and over 

the central plain (Stelfox, 1911, p. 87). 

(b) Scotland, North and West Coast, Hebrides. (One 

East Coast record (dubious).) 

(c) England and Wales, Coasts, Cumberland south to 

the Sciliy Isles and east from the latter to Peace- 
haven, Sussex. (Recently occurring at East- 
bourne and Ore, near Hastings, but now extinct 
there.) 
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Deiymark Nykj^bing (Westerlund, 1871, p. 109). 

Sweden ? (Germain, 1908, p. 234). 

France La Manclie and Cotes du Nord south to Bisonyan and 

Meditermnean coasts (Locard, 1882, p. 122). Found 
inland in certain places where it is permanently 
estaldished, e. p., Niort (Deuz-S^vres) and Beau- 
lieu (Maine et Loire) (Germain, 1908, p. 234). 

Spain and Portugal . . . South to Gibraltar. In Spain, the central provinces 

(Hidalgo, 1875, p. 183). 

North Africa Morocco and Tunis (Brit. Mus. ; Germain (1908)) to 

Egypt (Connolly (MS.): Pallary (1909)). 

Cape Verde Is Nobre (1909). 

Italy Passim {cf\ Statuti, 1882, p. 50, etc.). 

(?) Switzerland Bomanshorn (Hartmann, 1823, p. 12 (?)) [not in 

Mermod (1930)]. 

(?) Germany Fi*eiburg in Breisgau (Hartmann, Z. c. p. 7) [not in 

Geyer (1927)]. 

Dalmatia Brit. Mus. 

“ Epirus” Mousson (18^)9, p. 70). 

Greece Brit. Mus., etc. 

Mediterranean Islands Passim^ E. to Rhodes (Gambettn, 1929, p. 94). 

Turkey Constantinople (Mousson, 1863, p. 12). 

Syria (Mousson, 1854, p. 393). 

Armenia Sinope (Mousson, 1863, p 102). 


We have obtained a total of 2943 specimens from the whole area (exclusive 
of the Sussex area), and give in tabular form the distribution of the main pattern 
types (p. 1031). 



Percentages of 



A. 

Bi. 

B^ 

Ireland and Scotland (306) 

43*1 

38-4 

14-9 

England, N.W., and Wales (396) ... 

45*2 

39*4. 

15*2 

England, S.W. and S. (1523) 

31*8 

34*3 

14*3 

France, N.W. and S. (421) 

45*1 

48*4 

6*4 

S. Europe and N. Africa (297) 

78-4 

16*1 

5*3 


The total number of Sussex specimens from all loci give us the following: — 

A. B». B». 

33*9 40*8 22'2 


Two interesting points are to be made from these figures : — 

(1) The Continental series is characterized by its high percentage of class A. 
As a matter of fact this is due to the remarkably high frequency of the unhanded 
class (31), which in S. Europe is no less than 56*5 per cent, of the total population. 
The figures for class 31 are : — 


Paroentages. 

Ireland and Scotland (2) Less than 1 

England, N.W. and W. (101) 25*4 

England, S.W. (260) 17*0 

France (43) 10*9 

S. Europe and N. Africa (169) 56*5 


This increase is made at the expense of class B*. The South European stock 
consists, then, of a very low percentage of the combined type, the banded and ' 
unhand^ occurring mainly uncombined. 
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(2) In Sussex, on the other hand, the reverse process is seen. A touches a 
very low point and B* and rise at its expense, the increase of B* being very 
marked. 

8o far as oar figures allow us to speak, it seems that the Sussex loci contain a 
population rather different from the general run of the British and Continental 
population, and exhibit type-characteristics the reverse of that found in the 
circum-MediterraneHn region . 


6. History op the Sussex Colonies. 

The history and distribution of the Sussex colonies i-aise some question of no 
little interest. It will be as well to give the known facts to begin with. 


Area or place. 

Widely distributed . . . between the 
Adur and Chichester.” 

Sullington, near Storrington 

Eastbourne (Mill Gap) 

Ore 

Saddlescoinbe 

Rottingdean 

** Along the Rottingdean road as far 
as Newhaven,” 

Saltdean 

Burpham 

Amberley 


Bate. Authority. 

1854-1870 Lucas fin Toms). 

Many years Lucas /in Uoms, 1. c.). 

tf ' 

ago' 

1882 Jenner (in Toms, I, <?.). 

? Toms (L r.). 

1917 Robinson (1918). 

1920 Brazenor (in Toms, I, c.), 

(?) 1926 Toms (MS.). 

1926 Ellis (this record), 

1929 Tickner Edwai^es (this 

record). 

1929 Aubertin and Robson (this 

record). 


At the places mentionc‘d in this list aciUa is now no longer found at East- 
bourne, as the site has been built over. At Ore Mr. A. E, Craven tells us that 
it is no longer to be found. We believe that there is some evidence that it has 
been obtained at Lewes, but v^e cannot confirm the record. We have not been 
able to get any definite evidence of its occurrence beyond Peacehaven (Portobello), 
where we took a few stragglei's in 1927. 

From this record it will be seen that acuta seems to have been found inland 
in several places in Sussex, and now is confined to the coast and places under 
6 miles from the latter. 

There are two questions which present themselves for solution : — 

(1) There seems to be a definite hiatus in the distribution between Dorset and 
Sussex. The species is found fairly continuously eastwards as far as Lul worth 
and Winfrith (E. Dorset). But, as far as we can ascei-tain, the only place in which it 
occurs between Winfrith and the valley of the Arun is Freshwater and Aston Downs 
near the Needles, Isle of Wight. We do not assert that it is absent from the inter- 
vening area ; but having regard to the extent to which the land-snails of the 
South of England are known, we believe that it would have been recorded before 
now, had it existed in S. Hampshire, the Selsey area, &c. The county records 
for this area, however, make no mention of it, and Mr. E. Heron Allen, F.R.S., 
informs us that it has not been seen in the Selsey Bill area, and the survey 
made by Miss Palmer, the Hon, L. Lindsey, and Lt.-0ol. L. Baker for W. and 
S. Hampshire and the Chichester area is equally negative. There are three 
explanations of the apparently discontinuous distribution (a) It may simply 
not have obtained a suitable habitat in the area from which it is absent. This 
is not easy to jwve either way.. We are inclined to think there are many 
suitable habitats in S.E. Hampshire, and W. Sussex, s.g., sand-dunes, turfy 
on which it thrives elsewhere, (h) It may have been spread into Sussex 
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1)/ purely Mccidental meftiis which carried it there and not into Hampshire* This 
is speculative. We have a little evidence that it possesses a definite power 
of adhesion to foreign bodies, and it may have been introduced with West of 
England cattle. Accidental transport may produce many anomalies of <listributioi), 
l)ut it still i*einains a little curious that tS. Hampshire, *Src., has not been populated, 
(c) There remains the possibility that it was once more widely spread and has 
disappeared from various places in its former area. 

(2) This suggestion introduces our second query— Why is the present distri- 
bution in Sussex so “ patchy” ? We believe that it is possible that (7. acuta may 
have had a wide distribution in Sussex (Mr. Jmcas’s records), and owing to the 
operation of some factor in its environment may have become extinct except in 
the present patches. The past history of the species in Sussex is surrounded by a 
slight element of uncertainty. Mr. Jenner, who was a careful collector, only 
refers to the Eastbourne locus in liis Sussex survey (Jenner, 1884). Nevertheless 
Mr. F. Lucas obtained it between the Adur and Chichester between 1854 and 
1870, when he said it was “widely distributed” (Toms, I, c.). Thanks to 
the kindness of Mr. H. Roberts, Director of the Brighton Museum, we have 
examined some of Mr. Lucas’s original W. Sussex forms and can confirm his 
identification. We believe that Mr. Lucas’s record is correct, and that the specie s 
was originally plentiful in the area indicated; hut it is quite certain that it is 
not plentiful there now. The only occurrence at the present day is the single 
olony at Burphaiii and some stragglers around Amherley (see below). One of ns 
(A, E. E ) lias intensively studied the mollusc fauna in the Brighton- Lancing- 
Ariindel area without finding it. We therefore believe that its original area oF 
occupation has been diaiinished in extent, and tlie question naturally presents 
itself — What is the cause of this local extinction ? 

There are two suggestions worth consideration. (1 j Mr. J. Wallace Passmore, 
of Oooinbes, near Hhorehani, who has had much experience of Downland culti- 
vation, has noted that in several places the Dowidaml snail popuUtion has been 
substantially thinned after the inti’oduction of cattle anrl shee]) and of “slagging.” 
The presumed ilisappea ranee of 0. acuta may be the result of recent cluniges in 
agricultural practice for which there is some definite evidence. (2) From p. 10114 
ih will he seen that O, a<yuta is, in parts of Sussex, prone to an infection by a 
Dipi-eran parasite which passes its larval stage in the body of the snail with 
lethal results. The distribution of the parasite is not at all well known, and w<‘ 
do not know how far it can be hehl to determine the local extinction of C. a>cuta. 
However, we regard this as a contributory cause of its “ patchy ” occurrence and 
of its local disappearance, though not of the major irregularities in distribution 
alluded to above. 

There is, however, a further question, and one very pertinent to our specia 1 
sUidy. Although we believe the Downs west of Brighton have had tlieir acw/rt 
population diminished, we are not disposed to accept all the colonies east of 
Brighton as relict ones. It will be noted (p. 1U37) that the Saddlescombe, Rotting- 
dean, and Rottingdean-Peacehaven colonies are all of recent discovery. We arc 
quite ready to believe that the rather remote downland colony at Burpham might 
have been overlooked by earlier collectors. We cannot believe, however, that 
the Rottingdean and adjacent colonies could have been missed, as they are in 
very much frequented country, and some are on a much-used main road. This 
fact, and their occurrence as isolated colonies very rich in individuals in cironm- 
scribed patches, point to the probability that these colonies have been recently 
founded from individuals accidentally introduced. The Saddlescombe, Saltdean, 
and W. Rottingdean colonies, as well as the patch above Amberley, are all on 
roadsides where they could have arisen from individuals dropped from passing 
vehicles carrying fodder or from the coats of passing cattle or sheep. Actually 
we have some good evidence of the way in which this sjpecies is carried about, as 
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Mr. G. Rice has recorded that some specimens were taken off the mudguard of a 
motor-car at Pulborougli (1930, p. 26). Further evidence of a very convincing 
nature as to the very recent establishment of one of our series of colonies is 
supplied by Miss Maud Robinson who originally discovered (1917) the Saddles- 
combe colony. She said in her published account (1918, p. 38) that the species 
“had never come under iny notice before [1917 |.” She now informs us that she 
and the members of her family had been for a long time careful observers of the 
fauna of the Jlovvns around Saddlescombe, and that for many years she had 
collected the land-snails of this district witliout observing C, aciUa, The species 
was actually known to her, as she had received it from Somerset. Nevertheless, 
it was not until 1917 that the colony on the Saddlescombe-Brighton road was 
noticed. Actually the colony was tiuced to its headquarters from a single 
specimen that was brought into Miss Robinsorrs house on a basket that liad been 
kept on the bank which is now so thickly populated — a further testimony of tlio 
way in which G. acuta is transported from place to place. 

We think that Germain’s account of sporadic and shoi't-lived colonies that 
have been found inland in Franco ( 1 908, p. 234) is further evidence on this point. 
In short, although the Sussex population may be in general an old one, we believe 
that the colonies <‘!ist of Hiigliton are of quite recent origin, probably not more 
than 15 16 years old, and in some cases less. 

This lias a very important bearing on the question of colonial divergence. If 
the colonies, e. <7., at Siiddlescombe and SaUdeaii, are composed of recent w.andtners 
from a focus at Rotting<lean, or vice verstl^ it should lie noted that significant 
deviations have manifested tliemselves alread) 111 the isolated sections. We do 
not say that the relationship between the colonies which we have sketched is 
prove<1. All that we wish at present to suggest is that the Brighton group is not 
composed of long-estJiblishe<l colonies in which the divergence has been slow. 

7. DESCttirTION OF TUE HABITATS OF THE SuSSEX COLONIES. 

The following list gives (a) the register number of each colony ; (b) the descrip- 
tion of the habitat ; {c) the associated iiiolltiscii ; (d) the associated plants; and («) 
the pH value of tlie soil*. Tlie exact position of the stations is indicated on the 
map (p. 1030) :• - 

1. (a) D.C.H. (Rottingdeaii, Dean’s Court Road). 

(h) Low wide bank, almost horizontiil, no top drainage; very chalky soil. 

(c) Trichia striolaUiy 2\ hispula, Ilelicella inryata^ 11, gigaxii, Helix aspersa, 

Oxychilm cellariue,, Agriolimax agreetis, 

(d) Plautago lanceolata, 1\ major, Matricaria inodora, Potentilla aiiserma, 

Galium mollugo, Festuca ovum, Dactylis glomerata, Rtunex acetosa, 
Achillea millefolium. 

{e) pH 7-6. 

2. (a) XXV. (Saltdean). 

(6) Steep bank, about 20 yards from the sea and 15 feet above it ; mainly 
rough chalk rubble ; about 70 degrees slope off main road ; top 
drainage. 

(c) Helix aepersa, Gepma nemoralis, Trichia hispida^ Helicella virgata, 
H. caperata, Ag^Holimax agreatU. 

* The pH value was taken in the field with a B.D.H. soil-testing outfit and afterwards 
oheoked by laboratory tests kindly oarried out by Mr. M. Hey (Mineralogioal Dept., British 
lA^senm). 
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(d) PotentiUa anserina^ Centmirea nljra^ C, bCulioaUf Uwraclam pilo$eUa^ 

Featuca ovina^ Fhmtago lanceolata^ Reseda lutea^ Achillea miUefdmmj 
Onvcm arvensis^ C. lanoeolataSf Leontodou auUiinnale^ Gonvohulm 
arveiisis, 

(e) pH 7‘5. 

3. (a) XXIX. (Saddlescombe). 

(b) High bank, about 10 foot high and 45 degrees slope, with upper 

drainage. 

(c) Trichia striolcda^ Theha cantiana, OxychUus ceUarius^ Heliv aspersa^ 

Uelicella gigaasii, 

{d) A vena puhescensy Urtica dioica^ Cnicus lanceolatus, Carduus crisptis^ 
0, nutansy Sonchus asper^ Galeopsis tetrahit, Galium molVago^ Pimpi- 
nella saxifraga, Arrhenaikerum elatiusy Rmnex crispus^ AntArisms 
sylvestriSf SiUm cucuhalus^ Lychnis alba, Stachys ambiyua, Poien- 
iilla replans, Heracleum sphondylittm, Brassica arvensis, Daueus 
carota, Festuca ovina, Dactylis glomerata, Plantago lanceolata, Cen- 
taurea scahiosa, Poterium sanguisorha, Convolvulus arvensis, Lapsana 
communis, 

(e) pH 7*5. 

4. (a) XXX. (Saddlescombe). 

(A) High bank, 12 feet high, about 30 to 40 degrees slope; upper drainage. 

(c) Oxychilus cellariiis, 0, alliarium, Uelicella virgata, //. caperaia, Theha 

cantiana. Helix aspersa, Trichia striolata. 

(d) Achillea millefolium, Ononis repens, Hypericum perforatum, Ceutaurea 

scabiosa, Phyteuma orhiculare, Galium vernm, Vicia cracca, Veronica 
chamcedrys, Urtica dioica, Heracleum sphondylium, Arena pnhescens, 
Phleum pratense, Festuca ovina, F'. pratensis, Plmpinella saxifraga, 
Poterium sanguisorha, Scabiosa sitccisa, Picris hieracioides, llypochmris 
radicata, Plantago lanceolata, 

(e) pH 7-5. 

Remarks , — XXIX. and XXX. are separated by about 30 yards of 
brambles, in which Cochlicella acuta is absent. 

5. (a) XXXI. (Saddlescombe). 

(^) Low bank, 3 feet high, no top drainage, 25 to 30 degrees slope; much 
plant debris on top. 

(c) Uelicella gigaxii, H. virgata, Helix aspersa, Theha cantiana, Trichia 

striolata. 

(d) Urtica dioica, Dactylis glomerata, Arthenathrum elalius, Gentaurea 

scabiosa, Convolvulus arvensts, Anthriscus sylvestris, Silene mmbalus, 
Avena pubescens, Potentilla replans, P anserina, Rvmex ohtusifolius, 
Scabiosa* arvensis, Carduus a*i8p%ts, Ueradeum sphondylium, Bromus 
Bterilis, Agropyron repens, 

(s) pH. >7*0, <7*5. 

6. (a) XXXII. (Saddlescombe). 

(b) Low bank. 3 to 4 feet high, no top drainage, 30 degrees slope ; a good 
deal of old hedge-d4bris on top. 



THK • KAL HISTORY AHD TARXATIOK OP THB POINTED SNAIL. 


1041 


(c) Tnchia strwlaitay Helicdla virgata^ H* gigaxi% JEMix aapersa* 

{d) Verofiica chottnKBdrys^ PoteutiUa TBpUtn$^ Festucot ovitM^ Dcbotylii gUyms- 
ratay Convolvulus arvensisy Lotus cornieidattiSy Centaursa scaLiosa, 
Plantago laiicsolata. Ononis repens, Achillea millefolium, Avena 
pubesoens, Uriica dioica, Arrhenatherum elatius, Galium mollugo, 
Anthriscus sylvestris. 

(e) pH 7*0. 

Remarks, — Trimmed in 1929 ; many dead shells, living specimens 
scarce. 

7. (a) LX. (Rottingdean, W.). 

(6) Low bank by main road, near edge of cliff. Cochlicella acuta plentiful 
over an area of about 30 square yards. 

(c) Helicella virgata, H, caperata, Helix aspersa, Trichia hispida, T, strio- 
lata. 

{d) Senecio vulgaris (abundant seedlings), Plantago coronopus, Cnicus 
lanceolatus, Lepidium draha, Malva rotundifolia, Festuea ovina, 
Daetylis glomerata, Achillea millefolium, 

(e) pH >7*5, <8*0. 

8. (a) LXI. (Rottingdean, W.). 

(h) Steep bank on north side of main road, a little further from the sea 
and nearer to the village than LX. 

(c) IVichia hispida. Helix aspersa, Helicella virgata, H, caperata, Oxychilus 

cellarius. 

(d) Picris echioides (snails very abundant on this plant), Senecio vulgaris 

(seedlings), Achillea vniUefolmm, Malva sylvesiris, Daetylis glomerata, 
Lycium chinense, Festuea ovina. Convolvulus arvensis, Taraxacum 
vulgare, Poa annua, 

(e) pH 7*5. 

9. («) XLVIT. (Burpham). 

(6) Field-surface (fallow, regressing to grass after plough) and adjacent 
banks. 

(c) Theha cantiana, Helicella caperata, H, gigaxii, H, virgata. 

(d) Rumex crispus, Plantcujo lanceolata, Trifolium repens, Galium aparine, 

Linum caiharticum, Senecio vulgaris, Raminculas repens, Anagallis 
arvensis, Medicago liipulina, Agrostis alba, Daetylis glomerata, Sonchm 
asper, Cnicus arvensis, C. laticeolatus, Polygmium avicidare, Viola 
arreiisis, 

(e) pH 7*6. 


8. Analysis of the Sussex Colonies. 

After the pattern of each individual shell had been determined (p. 1030), the 
percentages of the three main types (A, B', and B’) were calculated for each 
colony and for each year in which collections were made. These results are 
tabulated on p. 1042. It thus becomes possible as a preliminary to see how the 
percentage of a given character varies from year to year and from colony to 

Proo, Zool. Soo, — 1930, ITp. LJCVH, 67 
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colony. It is evident that such differences as occur cannot be taken at their face- 
value until the sources of statistical error have been eliminated. This has been 
done by subjecting them to the normal test for “ signiffctihce,” for the explanation 
of which we ai*e indebted to Dr. E. M. Elderton. 

Table I. 

SpeoimenB 



Year. 

exammed. 

A. 


B2. 

D.C.R 

1920 

(183) 

60-1 

20-2 

19*6 


1922 

(202) 

561 

23*5 

20*2 


1927 

(165) 

53-3 

20*6 

22*4 


1928 

(175) 

54*2 

28 4 

21*4 

XXV 

1928 

(169) 

50*2 

25*4 

21*8 


1929 

(165) 

50*9 

14*5 

32*1 

LX 

1929 

(165) 

430 

23*0 

29*1 

LXI 

1929 

(191) 

60-7 

14*1 

25*1 

Saddlesoombo 

1925 

(209) 

38*2 

36*8 

25*3 

XXIX 

1928 

(170) 

37.0 

39*4 

20*5 


1929 

(170) 

28*8 

44*7 

20*0 

XXX 

1927 

(166) 

31*3 

38*5 

27*1 


1928 

(170) 

25*2 

54*1 

15*8 


1929 

(150) 

28*6 

54*6 

14*0 

XXXI 

1927 

(166) 

22*8 

61*8 

22*8 


1928 

(161) 

23*6 

63*3 

11*8 


1929 

(72) 

22*2 

51*3 

23*6 

YYYTT 

1927 

(170) 

22*9 

51*7 

22*3 


1928 

(169) 

26*6 

53*4 

19*5 


1929 

(170) 

27‘6 

52*9 

17*1 

XLVII 

1929 

(170) 

81*1 

34*1 

31*7 


The procedure is as follows. If the percentage of a given character in one 
colony (A) be x, and in another colony (B) y, it is required to show whether 
a;— ^ is significant. 

Colony A : i/.^~000-g) _ 

number of individuals 

Colony B: (100-^) 

\/ number of individuals 

Then V^e 7+B/= standard error of difiference as— y (s. d.). 

If a?— y=s. d. X 3, the difference is significant. 

If a?- 2 /=:s. d.x2 „ „ „ probably significant. 

If aj-y < s. d. X 2 „ „ „ not significant 


We have allowed ourselves, in tabulating our comparisons, to treat certain 
differences as “ very probably or “ possibly ” significant, according to the degree 
to which the figures involved approximate to the standards given above. 

The results of these tests for significance are given in full in Tfi^ble HI, 
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InUrpretation ofrtmUa. 

(а) An examination of the data in Section 7 has convinced us that the 
characters under consideration are not influenced by the particular environments 
in which the animals live, and are of a fixed heredity. As far as the main 
** flammulate ** and banded pattern and certain band-phases are concerned, we are 
indebted to experimental evidence kindly supplied by Mr. Hugh Watson, who 
conducted breeding experiments with C, eusuta, the results of which are as yet 
unpublished. It seems that the characters just mentioned are hereditary, and 
exhibit simple Mendelian behaviour. 

In addition, we have examined the flora and fauna associated with each colony, 
the pH value of the soil of the habitats and the general nature of the latter 
(especially as far as edaphic conditions are concerned). Finally, we have examined 
a large series of forms from a great diversity of loci of different climatic and 
geological nature. In general we are inclined to think that one character (the 
extent to which a melanic condition is assumed) is largely determined by environ- 
mental conditions. 

Nevertheless, neither in our intensive survey of the Sussex loci nor in the 
wider geographical survey can we find ari}' suggestion that the three characters 
investigated in this study occur in particular habitats or are causally associated 
with any particular environmental conditions. 

Some detailed observations should make this clear. In general colonies D.O.R. 
and XXV. have very similar populations, yet the habitats are markedly different 
in general character. On the other hand the habitats of LX. and LXl. are quite 
similar in character, and yet their populations differ. The habitat of the Burpham 
colony (XLVII.) is totally unlike the Saddlescombe and Bottingdean groups, and 
yet XLVII. has much in common with the former in quality of the population. 
The question of pH value of the soil in the various habitats scarcely seems to 
aiise, as the various soils differ scarcely at all, and we find pattern -differences 
associated with similarity of pH value. Again, the differences in vegetation 
observed between the various habitats are not, according to Mr. A. J. Wilmot, 
of any ecological importance, as they do not depend on differences of soil, etc. It 
is, indeed, open to the hypercritical to object that, because Rumex acHosa is present 
in colony D.O.K. and absent in XXIX., the significant differences in pattern 
may be associated with this difference in the plants. But it is then necessaiy* to 
inquire how it is that, though this plant is absent in XXV, and present in D.C.B., 
the .snails from this pair of colonies are alike. Lastly, we should point out that 
all our colonies are obtained from chalk pasture-land within 5 miles of the sea, 
and, ns far as the mengre records go, with a more or less similar rainfall. 

A few instances from our geographical series should endorse these conclusions. 
The Hon. Anne Palmer obtained for us a large series from dune-pasture at 
Paignton (Devon), a habitat which in all essentials resembled a similar locus 
at St. Mary (Scilly Is.). Yet the Paignton series had 92 per cent, of the non- 
banded white type (31) and the Scilly series had none at all ! 

Again, we find that over all the European and N. African area the proportion 
of the banded type (B') remains remarkably constant, and is quite unaffected by 
climatic conditions. 

We do not claim that the entire range of environmental factors has been 
explored. But we feel that if the effect of climate and rainfall, distance from the 
sea (which involves the amount of spray-borne chlorine deposited on the land- 
surface), associated plants, the general chameter of the habitat, and the pH values 
of the soil can be excluded, that there is very little else that can be suspected 
of influencing the colour-pattern. 

(б) The extent to which the pattern in the various colonies remains constant 
{com year to year may be estiipated fyom Table II, 
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Table II. 

Showing Annual Changes in Pattern-class in Colonies of 0, acuta. 


XXIX. 


XXX. 


A 


1927. 

1928. 

1929. 






A. 




B*. 


37*0 

28 


•01 39-4 1 r20-5 ( 

U lo O] 0 ] 
1-8 J 44-7 J (20-0 ( 


[31-31 

1 SS-SI 

1 r27-ii 

\ 

+ ■< 

( + )] 

L25-2 

lo C l54-l 

1+ r Li5-8 1 



1 1 

28-6, 

C 54-6J 

1 L 14-OJ 


XXXI. 


xxxn. 


1927 .. 


B'. 


B*. 


N t 


122-81 f 51-81 [22-81 

0^ I (+>1 I 

1928.. I [23-6^0 f [63-3 ( tll*8}-0 


A. 
f22-9 


1929 


1 

... L 22-2J 


(+) 


( + )^ 

51-3 J 
D.C.R. 


23-6J 


1-9 I r22-8') 

lo ! [O [0 

^'26-6j) 0-j 53-4) ) 0Jl9*5)l 

[ 27-6 ; [ 52.9 J ^17-1 


XXV. 


1927 

r"' 

A. 

rS3-3 

BK 

[20-6 

bC 

( 22-4 

f 

A. 

Bh 

1928 

0- 

1 

1 54-2 

[23-4 

1 2ia 


[50-2 

r25-4 

1929 









1 

1 50-9 

(O 

1 14-5 


(+) 


B^ 

21-8 

32-1 


( + )=probably significant. 


-f significant. 


0=:not significant. 


We give there the percentages of our three classes in colonies XXIX., XXX,, 
XXXI., XXXII., D.C.R.,and XXV, for two years (three colonies) and three years 
(thi-ee colonies). If tlie percentage of each character in each year be compared with 
those of other years in the same colony, it will be seen that there are 36 possible 
comparisons. Tlie diflerences in all these 56 cases have been subjected to the 
test for significance described on p. 1042, with the following results: — 

26 comparisons (72*2 per cent.) show no significant difference. 

8 „ (22-2 per cent.) show probably significant diflTerence. 

2 99 cent.) show significant difference. 

On the whole these figures show that the colonies have remained tolerably 
constant over the period of observation. 

A further confirmation of this impression is gained if the figures for colony D.O.B. 
(Table I.) are studied. This colony remained constant in all three characters for 
the eight years 1920-1928. 

We must point qut that three out of the six colonies remain entirely constant 
over the period of examination. Of the others, one (XXX.) remains unaltered in 
one character (A), changes in the two other characters (6^ and B^) at the second 
year, and remains constant to that change for the third. Colony XXXI. remains 
constant in A, changes in IP and B^, but reverts to the original percentages in the 
third year. XXV. was only examined for two years in which A was constant 
and B^ and B^ again changed. It is curious to note that it is B‘ and B- that are 
unstable in all three cases. This result may be compared with the similar result 
observed by Boycott (p. 1049) in Clc^uHUa, 
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Of course it is impossible to say how far the character of the various colonies 
will be mnintained over a longer term of years. Those which are found to })e 
entirely constant for the shorter terms of two to three years (XXIX. and XXXII.) 
may even manifest change at the fourth or fifth year. In general, however, the 
impresi^ion conveyed is that of a considerable measure of stability. Half the 
colonies remain unchanged in all their characters, and 72*2 per cent, of the 
comparisons of single characters show that no change took place. The general 
bearing of this result is discussed on p. 1047. 

(c) Size differences , — In addition to the elimination of errors that might arise 
from sampling, and to the evaluation of the effect of environment :ind annual 
change, there are certain other sources of error that it is customary to consider 
in making statisticiil comparisons of the kind used in this paper. The question 
of seicual differences naturally need not be considered in a monmeious form such 
as 0, acuta. The extent to which age-differences between the members of 
different colonies might vitiate our comparison must, however, be seriously 
considered. Could it be sbowui, for example, that there were patterns more 
characteristic of the earlier stages of growth than of the later, then a colony 
of young specimens might show percentages of the patterns different from a 
colony of older specimens. 

After examination of the various growth-stages it has become quite evident 
that neither of the pattern -elements which are singly and in conjunction con- 
sidered here is liable to such modification with growth ns might vitiate our 
conclusions. (a) The flammulate pattern is manifested very early in develop- 
ment, and is clearly seen on the third whorl and onwards. Occasionally late 
development of the flammula* is observed, and once or twice we have seen some 
cases of cessation of the flammulate type. There is some loss of intensity in the 
pigmentation of the apical whorls, so that in very large shells the body-whoil is 
darker than, e. f/., whorls 1-5. None of these facts, however, alters the conclu- 
sion that, as the fmttern is developed early and persists into the adult stage, the 
pattern of shells of 11- 12 mm. is in exactly the same condition as those of 17 mm. 
(6) The handed types . — The band makes its appearance very early in develop- 
ment. Some trace of pigment is seen in the second wdiorl, and at about the 
fourth it is well developed. Shells of 3-4 mm. therefore show* the band quite as 
definitely as older ones. Anomalies of band-development occur; but, as the 
bands normally appear at an early stage and are not liable to any frequent 
disturbance, it is highly improbable that, because a shell is 5 mm. smaller than 
another, any significant differences as between bandedness and non-bandedness 
will be involved. In fact, we hold that the effect of size-differences may be 
definitely ruled out of consideration. 

(d) Intercolonial Differences , — There are three points for discussion here : first, 
to what extent do the colonies tend to exhibit ** significant ” differences ; second, 
what is the origin of these differences ; and third, have they any interest and 
importance for the general problem of local divergence and evolution ? 

1. The first question is readily answered by tlie data at the foot of Table III. 
Ignoring the cases of “possible” and “ probable” significance, we find that, of a 
total of 147 comparisons of the single characters, there were 

54 significant differences (36*2 per cent.). 

63 non-significant differences (42*8 per cent.}. 

Speaking generally, we may say that the colonies show about as much significant 
divergence as non* significant. 

2. It is not easy to decide what the origin of the annual and intercolonial 
differences may be. We have shown (p. 1 043 and following) that within the limits of 
the available ecological data there is no evidence that they are due to the direct effect 
of the environment. It is possible that some selective process may be at work ; 
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Table 111. 

Showing Comparisons of all Colonies over Three Years. 

1927. 1926. 1929. 


A. B*. A. B*. B^. A. ? 

D.C.K./XXV 000 

D.C.H./LX - ----- — — — 

D.C.B./XXIX — — — + ( + ) 0 — ~ 

D.C.B./XXX + + 0 4 . + 0 _ - — 

r).c.B./xxxit + + 0 + + ( + ) 

I).C.B./XXXII + + 0 + + 0 - 

D.C.E./XLVI/. - — -- — - ^ 

XXV./LX — -- — — — — 0 ( + ) 0 

XXV./XXIX — — — (0) (0) 0 + + ( + ) 

XXV./XXX — + + 0 + + + 

XXV./XXXI — — 4 + ( + ) + + 0 

xxxv./xxn — — — + + 0 + + + 

XXV./XLVII — — - — — _ + + 0 

LX./XX1X — — - — -- — ( + ) + ( 0 ) 

LX./XXX - - - _ ( + ) + ( + ) 

LX./XXXI — — _ — + + 0 

LX./X XXIT — — — — — — ( + ) + ( + ) 

LX./XLVII — - - ~ (0) (0> 0 

XXIX./XXX — — — ( 0 ) + 0 0 0 0 

XXIX./XXXI — — — 0 + (0) 0 0 0 

XXIX./XXXU -- — — (0)(4) 0 0 0 0 

XXIX. /XLVII — — - — 0 (0) ( 0 ) 

XXX. /XXXI 0 ( + ) 0 0 0 0 0 0 (0) 

XXX./XXX11 0 ( + ) 0 0 0 0 0 0 0 

XXX./XLVII — — — — 0 + + 

xxxi./xxxn 0 0 0 o (O) (O) o o o 

XXXL/XLVU — — — (0) + ( 0 ) 

xxxn./XLVii — 0 + + 

LXI /LX — — — — — + ( + ) 0 

LXI./D.C.B — — — — _ 

LXI./XXV — — - — — - ( + )00 

LXI./XXIX — — — - — _ + + 0 

LXl./XXX. ... ~ ~ ^ 4 . Q 

LXI/XXXI - — — — — 4 - 4 0 

LXI/XXXII — — — — — ... 4-40 

LXI./XLVn — — — - 4-40 

18 OompansonB. 45 CompariBons. 84 GompariaoiiB. 

Significant, 6 . Significant, 15. Significant, 83. 

Not significant, 10 . Not significant, 19. Not significant, 34. 


Probably Bignifioant, 2. Probably significant, 4. Probably significant, 9. 

Possibly significant, 7. Possibly signifioaat, 8. 
Explanation of symbols as in Table II. 

(0) as possibly significant. 

bat as far as the conditions of life in the various colonies are known, this does not 
seem likely. We do not, however, feel justified in setting this possibility aside 
until the figures have been analysed and the subject reviewed by a bioinetrioal 
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expert. In general it seems to us likely that the differences in question are due 
to causes in which the environment, cither directly or indirectly, has no part. The 
fact that there is a considerable amount of local divergence, the significant 
differences in the percentages of the various characters being distributed at random, 
and with no apjairent relation to environmental differences, seems to suggest that 
the differences are due to the sorting-out in localized and isolated communities 
of original genotypic divergences present in the older population from which the 
colonies were originally (p. 1038) derived. The divergences noted here might well 
have arisen simply because the colonies were formed at the offset by individuals 
which differed in each instance in genotypic constitution. If this supposition is 
correct it is not without interest to speculate whether the chance that the new 
colonies would be founded by individuals differing in their hereditary constitution 
was favoured at the offset by tlifferences in the percentage-incidence of the 
chanicters in the parts of the original population from which such individuals were 
abstracted. We believe, however, that if the colonies were originally formed not 
from a few individuals, but from many, it would be more likely that a single 
colony would reproduce the particular facies of that part of the original population 
from which it was derived. On the whole, the evidence given on pp. 1038-1039 
suggests that the colonies are formed from single or a very few individuals rather 
than from large numbers. We would like to point to an interesting fact that has 
some bearing on the cpiestion as to whether local variation in percentage-incidence 
of characters within a popidatioii has any effect on the constitution of colonies or 
communities derived from it. In tlie one area in whicli a long stretch of con- 
tiguous colonies has been examined, viz., the ^ mile of bank that includes XXIX., 
XXX., XXXI., and XXXI I. at Baddlescombe, there are no significant differences 
in the colonies either at the opposite ends or between those in the middle and 
at the end. 

Attention may be also drawn to another important fact revealed by this study. 
On the whole, the distance between the isolated colonies seems to bear little 
relationship to the degree of intercolonial divergence. The colonies at Saddles- 
combe, which are all quite adjacent, show, it is true, very little difference mter se. 
The same is true of the tolerably close colonies at D.C.R. and XXV., though here 
there is more divergence. But LX. and LXI., which are quite close to one 
another, show considerable difference, and the remote Burpham colony (XLVII.) 
does not differ from the Rottingdean and Saddlescombe groups as much as one 
would expect. 

3. The amount of annual change in the constitution of our colonies makes us 
Very unwilling to hazard any suggestion as to the general significance of the 
divergences described here. It is true (p. 1044) that the degree of constancy 
exhibited is very considerable. We do not think, however, that the annual 
deviations can be ignored, and they render the constitution of any colony over a 
long term of years a highly questionable matter. The most that we feel entitled 
to say is that processes leading to local differentiation seem to be at work, and 
that, if sustained in some fair measure, they may be contributory to more marked 
divergence. 

Closely-allied races and species sometimes differ in the percentage-incidence 
of character-classes, and not qualitatively alone. Such differences as are revealed 
by this study, if maintained and amplified, might be the basis of major diver- 
gences. How the amplification of such divergences would be achieved (e, <j , 
whether it could proceed unaided by selection) is naturally an open question. 
But it is permissible to suggest that the slow local sorting-out and isolation of 
diverse elements differing in the percentage-incidence of clinracter-classes may 
sometimes be an important preliminaiy to more marked and sustained divergence. 

iVetnous Work . — Intensive analysis of variation in and between separate 
eoloaies of land-snails has been undertaken by Orampton (1916, 1925), Boycott 
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(1919, 1927), Aubertin (1927), and AIblihs (1928). So far as they are relevant 
to our inquiry, the I'esults of this earlier work m«y be summarized as follows : — 
(1) Aubertin worked on colonies of Cepcea hyi'Unsis and nemoralis obtained in 
Wiltshire (four colonies), Suffolk (one), Ooriiwall (one), Devon (one), Doi'set (two), 
and Middlesex (one). Her scheme of work is analogous to our own, ns the Wiltshire 
group occupies a compact series of adjacent loci varying from J mile to 20 to 30 
yards apart, and the i*est form a series of progiessive remoteness from the Wilt- 
shire group. Aubertin {I, c. p. 561) gives percentages of various types of ground- 
colour and banding. Her series of individuals from each locus are small 
(30-56), as they were not primarily intended for work of this order, but for 
anatomical study. However, they are reasonably near tlie quantity recognized 
as desirable for such a study, and her results, if not of fundamental importance, 
are of interest. 

We have worked out the statistical value of Aubertin’s percentages with the 
following results : — 

(a) G. hortensia^ 

Four adjacent (Wiltshire) and one remote colony (Bucks) were studied. 
For ground-colour the adjacent colonies show a high percentage of ‘‘probably 
significant differences” in two characters. Two comparisons are “significant” 
and two are not. The other two characters both yield non-significant differences. 
The Buckinghamshire colony resembles in general one of the Wilts colonies (H), 
though “ pink ” is absent in the latter and has an 8*4 per cent, representation 
at Iver. 

In banding, the comparisons yield two “ probably significant ” comparisons, 
two “ possibly ” and two “ not significant ” for one charactei*, and more or less 
the same condition appears in others. On the whole there is a fairly marked 
amount of divergence judged by single characters, 

(b) C, nemordlis. 

The five remote colonies (Cornwall, Middlesex, Devon, Dorset, and Suffolk) 
were dealt with here. The difierences and lesemblances are chaotic, and have 
no relation to distance apart. For example, in coloui* the Cornish and Middlesex 
colonies are relatively similar, and they are more like tlie Devonshire one than 
the Dorset. In banding, the Suffolk colony is like that fiom Devon as a whole. 
In the ].>ercentage of single characters the Sufiblk, Dorset, and Devon colonies 
agree in one, the Cornish and Middlesex colonies in another, and so on. 

Broadly speaking, the result of this survey is to suggest that, though adjacent 
colonies may sometimes differ in individual characters in a way which is 
statistically significant or probably so, such differences are nob in any way 
related to the degree of separation. The degree of difference and resemblance 
in total facies, though more difficult to assess, seems also to be independent of 
the amount of distance between the colonies. 

Boycott (1919, 1927) studied the proportions of the shell of ten colonies 
of Clausilia rugosa collected in the neighbourhood of Portmadoc (Carnarvon- 
shire). We are hare dealing with observations on a different kind of character, 
viz., the shape of the shell. The work is of value for comparison, however, 
and, in addition, is important, as Boycott, like ourselves, studied the same 
colonies at different periods, in this case the interval being ten years. His 
results may be briefly summarized as follows : — 

Two characters — altitude and diameter— wore studied. The comparison of 
altitude gives in six pairs of adjacent colonies (AxB, OxD, ExF, ExO, 
F X G, H X I), five significant difiFerences, and one not significant. For 
diameter, curiously enough, the case is different, four differences being non- 
significant and two being significant. Boycott finds that “in general the 
characteristic size for each locus is maintained,” while “ the 1924 (later series) 
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are generally narrower” (1927, p. 134), the dilSerence being significant in all 
cases but one (p. 133). He points out {Lc,\ however, that “the relative 
positions of the difierent loci in the series remain substantially the same.” 

The comparison of remoter loci gives significant and non-significant differenceh 
apparently irrespective of the amount of distance between the colonies. There 
are 25 out of 39 possible comparisons significant difierences in altitude, and 17 out 
of 89 in diameter. 

The interesting points in Boycott’s papers are (1) the general agreement 
with Aubertiti’s results in so far as the lack of correlation between degree of 
divergence and distance apart of the colonies; (2) the change in diameter; 

(3) the difference in amount of divergence between altitude and diameter ; and 

(4) the constancy in si/.e over ten years. Boycott (1919, p. 21) evidently 
suspects some relationship between altitude of the shell and the nature of 
the habitat. 

3. Alkin’s work (1928) deals with two species of Clausilia, rugosa and 
crmemmis^ obtained from 19 loci round the Kent estuary (Lancashire), the 
area covered by these being about 8x4 miles. Two characters were studied — 
altitude and major diameter. His excellently-presented results are not arranged 
in such a way as to make them comparable with ours. We may, however, 
extract the following conclusions from his summary, which are in accordance 
with our results: — (l)ln general, series from neighbouring loci are much alike, 
but the converse is not true ; (2) “ it has not been possible to correlate the 
characters of the shells with the chamcteristics of tl'.eir loci.” 

4. Cramptons work is on a much larger scale than any of the preceding 
studies. It embodies the result of many years’ study of the genus Fartida in 
the islands of Tahiti, Guam, and Saipan, and it is quite impossible to summarize 
it in this work. The size, shape, and colour-pattern of many species are 
dealt with, and the results are not presented in such a way a.s to make their 
significance readily perceptible without an elaborate analysis. One of us has, 
however, undertaken this in a limited section of the data relating to colour- 
pattern. From tlie study of P. otaheitana on Tahiti the following facts may 
be deduced : — 

(1) The same percentages of given classes may be found in remote loci. 

(2) Colonies in adjacent loci tend to be alike ; but 

(3) marke<l change may occur between adjacent loci, e,g,^ between Ururoa 

and Tuauru (1925). 

(4) Adjacent colonies may differ in the absence or presence of whole colour- 

classes. 

(5) Environment has nothing do to with the percentage-incidence of the 

variour^ colour-classes. 

We do not claim that this example of Professor Orampton s results is repre- 
sentative of the whole, though we suspect that it may be so. 

We believe that the general results of these studies show that, while adjacent 
colonies or series tend to be alike (Boyoott’s results on the altitude of Olausilia 
being a marked departure from this rule), there is very little relationship between 
the amount of distance between colonies and the degree of structural divergence 
found in the latter. In the characters studied, environment may have something 
to do with shell-shape (Boycott), but there is no suggestion that pattern is so 
affected. The random development of genetic differences in the constitution of 
colonies at their inauguration seems to be the chief agency at work. 

9. The Problem of Melanism in (7. acuta. 

In' collecting the data discussed in the previous sections we have encountered 
some facts of considerable interest which call for separate treatment. It soon 
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became impressed on our notice that there is a high percentage of dark forms 
in many loci in the West of England and in Ireland, and we took steps to collect 
as much data on this subject as we could. 

A melanic pattern in G. acuta seems to arise in two main ways. (1) The 
dark area between the flammulsB in types A and and their derivatives becomes 
intense and spreads at the expense of the flammulas until the whole of the last 
whorl is black or deep cliocolate. (2) The two bands of type B* and its 
derivatives coalesce and extend upwards until a similar condition to (1) is found. 

W^e give below, in tabular form, the percentage of these melanic forms in the 
four main areas. 

Scotland and Ireland 67, 

England, N.W. and Wales, 213 
„ S.W. and W., 389 
Channel Is. and N. France, 95 
S. Europe and N. Africa, 22 

There seems to be no notice in literature of the occurrence of dark forms of 
C, cLcuta from north-western or insular stations, but Dupuy (1839, p. 313) 
records “ B, maritinius ** (a form of cumta from La Rochelle) “ d’un brun 
vert fort remarquable.” 

It will be seen that the N.W. littoral of Europe is occupied by a population 
with a very high percentage of melanic forms that attains its maximum in N.W. 
England (including the Isle of Man) and Wales. About these facts we do not 
think there is much doubt. As to the interpretation, we feel that this will not 
emerge until the question of the cause of melanism has been fully explored. In 
the meantime we offer the following observations. 

Melanism in animals has been said to be due to variotis environmental factors, 
e. p., humid atmosphere, extremes of temperature, strong light, and certain 
metallic salts, 'i'he action of the climatic factor has been claimed in Birds and 
Mammals (‘ Gloger’s Law,* Rensch, 1929, p. 152). The effect of salts is well 
known from the observations of Harrison (1920) and the experiments of the 
latter and Garrett (1926, p. 241) Some stress has been laid on tlie frequency of 
melanic forms in small islands (Mollusca (Rensch, 1928, p. 1 ; Sturany, 1902, 
p. 381), Lizards (Boulenger, 1913 ; Mertens, 1924 ; Kammerer, 1926)). “ Insular 

melanism,** it has been suggested, may in certain instances be due to the special 
humidity of insular habitats. Kammerer (1. c.) believes that the strong sunlight, 
heat, etc., characteristic of some of the Dalmatian Islands, are responsible for the 
melanism of the Lizards found thereon. This view is criticized by Mertens (L c, 
p. 47, and following). Eisentraut (in Rensch (1929, p. 179)) makes the interesting 
observation that in the Balearic Is. the melanic lizards feed on Halophyta in the 
absence of insects, and suggests that the melanic condition is due to the salts 
contained in the plants. Harrison (1920, p. 245) thinks the littoml and insular 
melanism observed in Lepidoptera in the Hebrides may be due to spray-borne 
salts. 

The causes of melanism are plainly multiple, and the various groups of animals 
seem to respond in*^a different way to different pigment-controlling factors. 
In the land Mollusca the general rule seems to be that qu’en g5n4ral, tandis 
que la chaleur provoque la formation du pigment, le froid determine sa diminution 
ou m6me sa disparition complete” (Germain, 1928, p. 134). Nevertheless low 
temperature also seems to produce darkening sometimes. Humidity is assumed 
to act, as in Birds, as a stimulus to darker pigmentation (Germain, l.c. pp. 135, 
138; Mandoul, 1903, p. 382). This view rests on geographical data (s. p., the 
fact that the individuals of given species in -a humid climate are darker than 
those in a drier country), and we know no experimental data on the effect cff 
humidity on Molluscs. How capricious the oceurxence of melanie forms is 


= 21*8 per cent. 
« 53-8 
= 30-7 
= 26-1 „ 

= 5-5 „ 



TH* NATURAL HISTORY AND VARIATION OF THE POINTED SNAIL. 


1061 


v. below), aiad how hard it is to associate it with any external factor, may be 
seen in Dean’s (1923) account of the Molliisca of South Wales. He says (p. 58): 
** In South Wales there is a general tendency in snails, as in insects, towards 
melanism. Dark forms of Hdix asperaa^ nemoralis and hortensis predominate. 
Brown forms of Ilelwella virgata and caperata may be passed over for Hygromia'* 
Nevertheless we find (Z. c.) that^^HeZio? hortensia arenicolay in w*hich the band- 
pigment is absent, occurs abundantly all over Monniouthshiro and Glamorgan.” 
Helix mperea var. exalbida occurs all along the same coast. White examples of 
Theha catUiana often outnumber the type. 

At first sight it seems as though tlie climatic factor might be successfully 
invoked to explain the occurrence of darker forms of C. amta down the 
western littoral of Europe. The area in which melanism attains its inaxiinuin, 
viz , N.W. England, the Isle of Man, and Wales, is one wliicli has a very 
heavy rainfall ; that in which it is at a minimum, viz., N. Africa, has a 
very low one. As soon, however, as we look at the facts more closely we 
are disinclined to accept this explanation. The Scilly Isles have a high per- 
centage of melanics, but they have a relativel3^ low rainfall (31-32 in. annually). 
Sussex generall}^ has about the same (25-36 in.), and yet it is singularly 
deficient in melanics. We have had no melanics from Torquay and Paignton 
(about 33 in.), but many from Weymouth (27-28 in.). Two marked centres 
of melaiii.Km (Tenby (40*9 in.), and the Isle of Man (41-43*9 in.)), are areas 
with a rather high rainfall, but the Channel Isles, which are equally rich 
in melanics, have no record of rainfall higher than 33*2 in. It is just possible 
that these iinomalies might be explained by more intensive collecting and 
ampler data ; but we do not think it likely. It might be argued that, although 
Bcilly, Weymouth, and other places with numerous melanics have a low 
rainfall for the British Isles, yet it is high when compared with that of the 
Mediterranean generally. Nevertheless Sussex, b^" a similar token, should be 
reckoned as having a high rainfall, but it is xlefinitely poor in inelanic forms. 
On the whole, then, we are forced to admit that humidity is not likely to 
be the chief agency in producing melanism in (7. acuta, 

Harrison 8 suggestion that spray-borne Eudts are lesponsible is also tempting 
at first sight. Many of the stations from wdiicli melanics are obtained are 

exposed to strong winds which must cany spray in liberal doses over the 

dunes, etc., on which the snails live. On the other hand, we have many 
series from similarly exposed loci that show no melanism at all. There can 
be little doubt that our Saltdean station (XXY.), which is but a few feet 
above the sea, must receive more spray than the sheltered Saddlescombe colonies, 
but it shows very few melanics. We are equally at a loss to explain the 
absence of dark forms from exposed stations on the coast of Somerset and 
W. Ireland. It is possible that these exceptions might be explained away 
by appealing to some deviation in the direction of the wind, but we hardly 
believe that this is likely to be successful. On the whole, then, we are as 
sceptical as to this hypothesis as to the first. 

There remains the question of insular melanism.” The high prevalence 

of melanism on many islands is in favour of its being due to some factor 

(spray or moisture) specially chaiuctenstic of islands. It is very interesting 
indeed to note that the only place in the Mediterranean region from which 
we have obtained melanics is from the Balearic Isles. Actually nearly 
all the islands situated elsewhere from which we have received specimens 
show a high percentage of melanism. The only exceptions are the Isle of 
Wight (Freshwater) and Oorsica. In each case the total number of specimens 
is rather low (Freshwater, 29; Corsica, 22). Two small series from N. Uist 
and Colonsay (14 specimens in all) contained 21*4 per cent, melanics, which 
is rather low as compared with the frequency on other islands. On the whole. 
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however, our data tend to confirm the “ insular” hypothesis. We are, however, 
unwilling to accept the cuirent explanation (salt spray and moisture) in vieu 
of what has been said above, for in essence an insular habitat does not difier 
in exposure from a littoral nin inland one, and we have reason to doubt the effect 
of these factors in the latter. 

As regards differences of temperature, we certainly think that this can be 
disregarded as a cause of the melanism reported here. The differences in 
temperature between, e. Weymouth (melanism frequent) and Sussex (melanism 
rare) or between the Scilly Isles and Braunton (N. Devon), which show 
the same contrast in the frequency of melanism, are insufficient to account 
for the differences in pigmentation. 

If our extreme scepticism is met with by the suggestion that our alleged 
anomalies may be explained by the possibility that our non>melanic populations 
(6.^., at Freshwater) are new-comers, and have, therefore, had no time to be 
affected, we have only to point to the long period during which the Freshwater 
colony has been known. 

Although we have expressed ourselves sceptically as to the effects of spray- 
borne salts, we would suggest that the clue to the local differences in the 
incidence of melanism might be the presence of some food-plant or plants 
which selected the melanism-inducing salt from the soil, and that the presence 
of such salts might be determined by geological formations as well as by the 
amount of spray. 

It remains to say a word about the results and views of Kammerer (1926 — see 
Summary, p. 250 and following), who experimented with and described the dark 
forms of Lacerta from the Dalmatian Archipelago. Ho says of these forms (/. c. 
p. 257): “ Dunkle FS-rbungen .... sind diirch kombinieste Intensitat de Licht- 
strahlung, Hitze und Diirre enstanden.” It is interesting to notice the following 
points: — 

1. In Lizards of the Mediterranean area the melanic condition is evoked by the 
excessive sunlight, heat, etc., in more or less unprotected island-habitats. 

2. Kammerer (i. c. p. 178) found that dark forms of Kohmna [Helix] vermi- 
culata and Helicella variahilis can be produced by liigh temperature (“bei 
ansteigender Tcmperatur”), 

3. Nevertheless we find that the Mediterranean region, on area of strongei* 
sunlight, greater heat, and dryness than N.W. England, is more deficient in 
melanic CochlkeUa acuta than N.W. England. In the Mediterranean region 
melanic Cochlicella acuta only attains a high frequency on some islands (Balearics). 

4. The difference between the amount of melanism in the insular and 
mainland Cocfdicella acuta in the Mediterranean and, on the other hand, the 
paradoxical fact that, though high temperature {Jide Kammerer) produces 
darkening in Eohania vemiiculaia and Helicella variahilis^ Cochlicella acuta is 
lighter on the Mediterranean seaboard and darker in N.W. England, are not 
easily explained. Kammerer (I, c. p. 252), however, points out that the various 
chaiucters and groups of organisms which he studied do not always exhibit the 
same varietal tendency (” Eiii Beispiel fur ersteres liefert Lacerta serpa pelagosm^ 
deren Grundfarbe sich itufhellt, deren Zeichnung sich verdunkelt, .... femer neigen 
Z. eerpa^ fiumana und oxycephala auf den Scoglien urn Tassa zur Yerdunkelung, 
Eueeat'pim earpathicua dagegen zur Aufhellung ”). 

SUHlfABY. 

L OeneraU 

(1) The colour-pattern of the shell of CochUeeUa acu/ta^ a Palaearctic Helicid 
land-snail, is described. The chief modes of variation are indicated and the shell- 
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structure and the causes of pigmentation are discussed. An account is given of 
the distribution and origin of inelanic forms. 

(2) The local variation of the pattern in nine colonies of the species situated 
in south and south west Sussex is described in detail. A larger geographical 
series, including specimens from the west and eastern littoral of the Mediterranean, 
is more summarily dealt with. 

(3) 'i?he amount of statistically significant difference between the colonies in 
Sussex is determined, and its causes and gerieial importance are discussed. 

2. Habits and History of the Species in Sussex. 

(4) C. acuta is a Lusitanian species usually inhabiting dunes and grassy 
places close to the sea. Sporadic local invasions of inland habitats has taken 
place. 

(5) It seems to have invaded Sussex at a relatively recent date, and, though 
it may have had a wider range in this county in the middle of last century, it is 
now highly localized. 

(0) All the known colonies were probably formed within the last fifteen years, 
except that at Burpham. The species is probably liable to accidental transport 
(probably by human agency), though changes in agricultural practice and the 
attacks of a parasitic dipteraii may influence its local appearance and dis- 
appearance. 

3. Intercolonial Variation. 

(7) The habitats of the Sussex colonies are described, and the local variation of 
the characters investigated is held to be imlependent of environmental factors. 

(8) Diflferences due to age are found to be negligible in so far as the inter* 
colonial differences in pattern are concerned. 

(11) The various colonies differ “ significantly ** one from another in about 
36 per cent, of the possible comparisons. 

(10) Significant annual change occurs in half the colonies studied over 8-2 
years. The amount of change is not large, and 72 per cent, of the possible 
chaiMcter ‘CO 111 pari sons show no change in the period of observation. 

(11) It is held that the diflerences between the colonies are due to the latter 
having been derived from different sections of the original population and to the 
sorting-out of the diflereut hereditary tendencies of the latter in isolated and 
localized communities. 


4. Melanism, 

(12) Melanism is characteristic of Cochlicella acuta in the western parts of the 
British Isles, and practically absent in the continental littoral of the Mediterranean. 
It is found well developed on small islands. 

(13) Though the general distribution of melanic forms seems to suggest a 
correlation of melanism and atmospheric humidity, the local distribution of dark 
forms is capricious, and other factors (?halophilous plants, spray-borne salts, 
geological formation) may be collectively responsible for, or contributory to, their 
origin. 


Bibliography. 

Alrinb, W. 1928. The Oonohometrio Relationships of ClavMlia rugoaa and Cl. cravenensis. 
Proo. Malao. Soo. zTiii. pt. ii. p. 50. 

Aubbrtin, B. 1927. On the Anatomy of the Land Snails Cepea Kortemia and Oapea nemoralia. 
Proo. Zool. Soo. p. 558. 

SoFXLL, A,AHaa 8, F. 1920. Estodisobrelamalaoologiadeles vallesPiranaiqnes. — V. Treb.MiiB. 
Qieno. Nat BaroeUmaf 



1054 


UI88 D. ATTBSIITIN AXJ} X8S8B8. A. B. BLLI8 AND G, 0. ROBSON ON 


BdTTOHSB, G, 1918. mtonliohe Begattangsweillzeuge Bei . . . Barcophaga, Deatsohe Bnt. 
Zeitsohr. p. 351. 

Boulenoeb, G. a. 1913. Second Contribntion to our Knowledge of the Variation of the Wall- 
Lizard. Tr. Zool. Soc. London, xx. p. 185. 

BouBauTQNAT, M. 1860. Malacologie . . . de la Bretagne. Paris. 

Boycott, A. £. 1919. Observation on the Local Variation of Clavsilia hidentaia, Joum. Conch 
Leeds, xvi. no. i. p. 10. 

1927. Further Observations on the Local Variation of Clausilia hidentata, Joum. 

Conch. Leeds, xviii, no. v. p. 131. 

CbamptOn, H. £. 1916. Studies on the Variation, etc., of the genus Partula, Pub. Cam. Inst. 

Washington, No. 228. 

1925. Ibid, Pubn. No. 228 a. 

Dean, J. D. 1923. Observations on the Land MoUusoa of the Coasts bordering on the Bristol 
Channel. Joum. Conohology, xvii. p. 57, 

Distabo, a. 1908. Dio Beziehung zwischen der Pigmentbtindern des Mantels und denen der 
Schale bei Helix . . . Biol. Ocntralbl. xxviii. p. 120. 

Dttput, D. 1849. Histoire naturelle des Mollusques terrestres, Ao., qui vivent en Franco. 
Paris. 

Ellis, A. E. 1926. British Snails. Oxford. 

Faoot, P. 1883. Glanages malacologiquos, p. 29. Toulouse. 

Gambbtta, L. 1929. Bicorohe fauiiistiohe nolle isole italiano dell' Egeo. Arch. Zool. Ital. 
xiii. p. 4.5. 

Grbmain, L. 1903. Ktude sur les Mollusques ... des environs d' Angers, etc. Bull. Soc. Soi 
Ouest France, (2) iii. p. 131. 

1906. Etudes sur quolques mollusques . . . dii massif Armoricain. Bull. Soc. Sci. Nat. 

Ouest France, (2) vi. p. 54. 

1908. Etude sur les Molla8<pies r<5cneillis on Khrouuiirio (Tunisie;. Voy. Zool. en 
Khrournirie [d’H. Gadeau de KervilleJ. 

1921. Voyage Zoologiquo d’Henri Gadeau do Kervillo en Syrie, tom. ii, 

1928. Sur le molanismcj chez les Mollusques. Journ. Conchyliologie, Ixxii. p. 127, 

Gbyeb, D. 1927. Unsero Laud- und Susswassor Mollusken. Stuttgart. 

Gobnitz, K. 1923. Ueber die Wirkung klimatischer F.aktoron auf die Pigmentfarben der 
Vogolfedom. Journ. f. Ornithologie, Bd. Ixxi. p. 456. 

Harrison, J. H., & Garrett, F. The Induction of Melanism in the Lepidoptera. Proc. Hoy. 
Soc. London, B, xeix, p. 241. 

Harrison, J. W, H. 1920. Gonotical Studies in . . . Oporahia . . . Journ. Genetics, ix. p. 195. 
Hartmann — . In Sturm’s Doutschlands Fauna.- VI. Die Wunner. 

Hidaloo, j. 1875. Oatalogo . . . de los Moluscos Terrestres de EspaHa. ... II. 

Kammsreb. P.1920. Der Artenwandol auf Insoln. . . . Vienna. 

Keiltn, D. 1919. On the Life-History of . . . Diptcra living on Molluscs. Parasitology, xi. 
no. 3, p. 430. 

Ksnnabo, a. S. 1923. The Holocene Non-Marine Mollusca of England. Proc. Malae. Soc. xv. 
p. 241, 

& Woodward, B. B. 1901. The Post-Pliocene Non-Marine Mollusca of the South of 

England. Proo. Geol. Assoc, xvii. pt. 5, p. 213. 

Jeffreys, J. G. 1862. British Conchology, i. London. 

Jenner, j. H. 1884. List of the Land and Freshwater Mollusoa of E. Sussex. Trans. East- 
bourne N. Hist. Soo. pt. viii. L p. 44. 

Locard, a. 1882. Catalogue g^n^ral des Mollnsques vivants de Franoe. Paris. 

Mandoul, H. 1903. Becherohes snr les colorations t^gnmentaires. Ann. Soi. Nat. (8), xviii. 
p. 225. 

Mansell- Pleydell, J. C. 1898. The Mollnsoa of Dorsetshire. Dorchester. 

Mermod, G. 1930. Catalogue des Invert^br4s de la Suisse. 

Mbbtbnb. B. 1924. Ein Beitxag zur Kentniss der melanotisohen Inseleideohsen des Mittelmeeres. 
Pallasia, ii. 1. p.40. 

Moquin-Tandon, a. 1855. Histoire Naturelle des MoBusqnes Terresti!^ Ac, France, 4* 
Pan», 



THE EATUBAL HISTORY AND VARIATION OF THE POINTED BNA1L< 


1056 


Mobbt, F. 1909 (£d.). A Guido to the Natnral History of the Isle of Wight. London. 
Mousson, F. 1854. Mitt. Natnrf. Ges. Zurich, no. 103, p. 393. 

1859. Coquilles Terrestres ot Fluviatiles r^oueillies dans TOrient . . . Zurich. 

1863. Op. cit pt. ii. 

Nobbe, a. 1909. Fauno malacologiquo des poBsessions portugaisoB de I’Afrique occidentale. 
Bull. Soc. Port. Sci. Nat. iii. Supp. 2, p. 1. 

Pallaby, P. 1909. Catalogue de la fauno malacologiquo de I'Egypte. Mem. Inst. Egypt, yi. 
fasc. 1. 

PiLBBBT, H. 1888. A Manual of Oonchology, (2) iv. p. 31. 

1894. /bid. (2) ix. p. 263. 

Bbnbch, B. 1928. InaelmelanifimuB boi Mollusken. Zool. Anz. Ixxyiii. p. 1. 

1929. Das Prinzip Geographische Bassenkreise, etc. Berlin. 

Rice, R. G. 19J10. In Ed. Notes. Joum. Conchology, p. 26. 

Robinson, M. 1918. Wild Life on the South Downs. Abstracts, Brighton A Hore N. Hist. & 
Phil. Soc. p. 37. 

Rztmowska, T. 1914. Contribution k r<$tudG...de Helix barhara. Rev. Suisse Zool. xxiii. 
p. 277. 

Statuti, S. 1882. Catalogo . . . dei Molluschi . . . yirenti nolla provincia Romana. Siena. 
Stelpox, a. W. 1911. A List of the Land and Freshwater MoIIiiscb of Ireland. Proc. Boy. 
Irish Acad. B, no. 3, p. 65. 

1912. Clare Island Survey, pt. xxiii. Proc. Roy. Irish Acad, xxxi., p. 1. 

Step, E. 1927. Shell Life. Loiuhm. 

Stubant, R. 1902. Verb, zool.- hot. Ges. Wien, lit. p. 381. 

Toms, H. S. 1922. Cochlicella acuta in Sussex. Brighton A Hove Nat. Hist. A Phil. Soc. Repts. 
p. 1. 

Westeklund, C. 1871 Fauna Molluscorum, etc., Suecim, etc. Stockholm. 

PLATE I. 

Examples of shell-pattern in Cochlicella acuta. 

Figs. 1-5. Unhanded forms, Class A. 

C-8. Banded and flammulate forms, Class B^. 

9- 12, White and banded forms. Class B^ 

13-15. Melanie shells. 

Fig. 16. Longitudinal section of a banded shell. 
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50. Tostudinate Evolution. By P. E. P. Deraniyaoala, M.A.Ckntah., 

A.M.Harrar(l *. 

[Booeived May 1, 1980 : Bead Jnne 8, 1930.] 

(Plates I.-ni.t) 

It was while preparing a systematic paper on the Testudinata of Ceylon that 
the writer’s attention was <1rawn to the remarkable changes within the species in 
an order where several minor characters remain curiously constant. The present 
paper is an attempt to explain these characters and also those structures peculiar 
to this order from data collected aftei nn examination of fossils, embryos, and 
adults. 

The writer v^ishes to offer his sincere tlmnks to Prof. J. Stanley Gardiner for 
his generosity in permitting the free use of the Cambridge laboratory, Mr. C. 
Foster Cooper for X-ray photographs of Dermochelys^ Di*. J. Farrington for advice 
in section staining, Dr. Malcolm Smith and Mr. H. W. Parker, of the British 
Mni»6um, for permitting him to examine their valuable collection, and Pi of, D. M. S. 
Watson, of London University, for his kindness in reading over this paper and 
examining the specimens mentioned therein. 

The material used for this paper consisted of Dermochelya coriacea (Linn6), 
Emyda grmiosa ceylonemis (Kelaart), Geoemyda trijuga thermalis (Lesson), and 
the Cheloniidae. Specimens from other countries and fossils in the Cambridge 
and British Museums were also examined. 

Tlie methods of investigation were ; — (1) Sectioning and staining with iron 
alum and hseinatoxylin, and counterstaining with carbol fuchsin or a modification 
of Zeihls fuchsin method suggested by Dr. Parrington. (2) The use of alizarin 
and potash solution to stain the osseous portions of embryos in situ. Then clearing 
the specimens in glycerin, cedar oil, or xylol, when the deep red osseous parts 
were easily seen. This method proved to be most useful, as there was no room for 
error through distortion of the tissues, bad fixation, or bad sectioning, 

Tectudinate evolution has engaged the attention of scientists for over a century, 
but whilst many new problems have arisen, the original ones still remain unsolved. 
For a better understanding of the subject a brief summary of the chief features 
of this onler is necessary, and the parts of a Testudinate may be described as 
follows. The carapace and plastron form the “ corselet,” the fore limbs may be 
termed arms,’* the hind limbs “ legs.” The horny cd^^ering of the corselet 
consists of scutes,” under which lie bony plates. The horny covers of the jaws 
are beaks.” The vertebral column and ribs are the endoskeleton.” 

Tlie order Testudinata has ten ribs, of which the first and last pairs are 
rudimentary, supporting a carapace which, together with the ventral plastron, 
forms a corselet consisting of numerous osseous plates sutured together under 
which the head, limbs, and tail are more or less retractile. The scapular and 
|)elvic girdles are inferior to the ribs, not superior, as in other vertebrates. 
A nuchal bone is always present. Four horny dorsal scutes usually present along 
each side, absent in some. Jaws in beaks, edentulous. Reproduction oviparous. 
Two suborders, the Atheca and Thecophora. 

* Commtmioated by Prof. B. M. S. Watson, F JLS., F.Z.S. 
t For eipbuia^n of the Piiites, see p. 1070, 
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The Atheca have a corselet of ossified dermal scales which are separate from 
the endoskeletoD. Nuchal bone, ribs, and vertebras free. Plastron with eight 
bones, the entoplastral element being absent. No endoskeletal expansions. A 
single species highly modified for marine life. 

The Thecophora have a corselet formed by the nuchal bone, endoskeleton, and 
nine plastral bones which are bound up in dense dermal tissue. In the mature 
embryo, or after birth, these bones form expanhions which invade the dermal 
tissue matrix, which they finally replace more or less completely*. Nuchal always 
fused to the last cervical vertebra in the adult. Numerous families, terresbdal, 
amphibious, aquatic, or marine. 

Many theories have been advanced to explain the development of the various 
peculiar Testudinate structures. The prevalent ones are : — 

(1) The Thecophoran carapace is formed from expansions arising from- the 
ribs and vertebrm fusing with the dermal bones, such ns the nuchal, margi- 
nals, and pygals. In the Atheca these endoskeletal expansions disnppenred, 
and the marginals proliferated to form a protective mosaic of platelets, 

(2) The plastron consists of the entoplnstron derived from tlie interclavicle, 
the epiplastra from the two clavicles, the remaining bones arising from the 
gastiulia (abdominal ribs) of the primitive ancestor, 

(3) The origin of the scutes is unknown. 

(4) The shoulder-girdle lies beneath the ribs and (a) the stumpy embryonic 
ribs follow pre-existing grooves in the dermal carapace, and are thus pre- 
vented from descending to their normal position below the girdle ; (&) the 
shoulder-girdle developed a columnar form and slipped between rib and 
rib into the body-cavity. 

Investigation of the problem of Testudinate evolution is commenced with a 
study of palaeontology which too often has developed into a snare, owing to the 
incomplete sequence of fossils. A salient feature is that the vast majority of 
Testudinate fossils are Thecophoran. Curious as this may seem, their abundance 
is easily explained by watching the disintegration of the recent corselets of the 
two suborders. Tlie comparatively cartilaginous Athecan, which is loosely sutured 
together in small units, speedily falls apart and is scattered ; but the Thecophoran, 
which is osseous and composed of firmly sutured large units, remains together for 
a considerable period, thus having n greater chance of fossilization. Therefore it 
was only under exceptional circumstances of rapid burial that Athecan fossils 
were formed. 

The earliest known fossil which has been claimed for the Testudinate is 
Paephoderma alpma von Meyer, from the Bavarian Triassic. It is Athecan in 
structure and is a portion of the corselet. This has been claimed as a fossil 
crocodile by some, as a Placodont by others. Proganochelya quenatedtii Baur is 
also Triassic and is completely Thecophoran. Superimposed on the carapace are 
smaller platelets forming a supramarginal series. Another Thecophoran, Archelon 
iachyroa Wieland (PI. III. fig. 2) shows a row of epineural platelets lying above 
the neuml plates, and also a rudimentary supramarginal row. I'oxockelya hauri 
Wieland, a Thecophoran, has the epineunils reduced to three or four, while the 
Hupramarginals have disappeared completely. 

If PaephoderTm be disregarded, Athecan fossils appear only in the more recent 
strata, and the ventral armature, which is complete in the earlier forms, begins 
to disappear in Paephophorua polygonua von Meyer, from the Pliocene, while 
in modern Dermochelys it is rudimentary and at times altogether absent. This 
would indicate that the Atheca have existed for a long period in water and have 

* Wherever the skeletal* bones tonob the dermal ooreelet, ■econdarr osseous callosities arise 
possibly through friction between the skeletal boues gad thick dermis. 
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bgjgttn to dispense with their osseous armature, recent forms having less than 
fossil forms. The fossil Thecophora show that there were numerous longitudinal 
rows of platelets lying upon the Thecophorari corselet, or, in other words, the 
corselet formed of endoskeletal expansions had rows of dermal bones lying on it 
(PI. III. 2) which later began to disappear. 

The origin of these dermal bones is of great value in recasting the evolution 
of the order. The writer, working with embryo Caretia^ found that the marginals 
formed deep down in the dermal carapace, and Versluys mentions that Monger 
found that the marginals of Emyda arose similarly *. 

Sections through the carapace of an adult Dermochelys disclosed that the 
Athecan platelets arose in the upper layers of the dermal corselet, very near the 
surface, and not in the lower layera, as is the case with Thecophoran marginals. 
Hence modern Testudinata show three layers of ossification (PI. I.) : — 

(1) An upper dermal layer of platelets in the Atheca (fig. 1). 

(2) A lower dermal layer of platelets in the Thecophora (fig. 2). 

(3) A layer of endoskeletal expansion in the Thecophora (fig. 3). 

Fossil evidence tends to show that when bone comes in contact with bone the 
upper layer is replaced by the lower. Hence it is reasonable to suppose that the 
external Athecan platelets were replace<l by the deeper Thecophoran platelets, 
which were, in turn, replaced by the endoskeletal callous expansions wherever 
they came in contact. 

Confusion between the upper Athecan and deeper Thecophoran platelets has 
been responsible for the theory that the Athecan corselet is derived from a 
proliferation of Thecophoran marginals. Coupled with this is an imperfect 
knowledge of the function of the nuchal bone, which is the first dermal bone to 
appear. A series of embryos of Dermochelys and Thecophora stained in alizarin 
showed the order of ossification to be as follows*.; — (1) Endoskeleton and plastral 
bones; (2) nuchal ; (3) marginals appeared anteriorly and extended posteriorly; 

(4) endoskeleton and plastral bones began to form callous expansions; (5) pygals; 
(6) the nuchal was pushed up by the last cervical vertebra and fused with it in 
the Thecophora. 

The nuchal bone is phylogenetically one of the most important structures in 
the Testudinata, which is the only order to possess this feature. It is the direct 
result of the retractile neck, and is an anchor to such retractile muscles as tho 
testo-occipitis, longus-colli, and testo-cervicalis, which Burne on dissecting 
Dermochelys found to have their origin in this bone. In all probability the 
nuchal bone is derived from a co-ossified cluster of epidermal nuchal scales as 
are present in modern Crocodylia, denoted in PI. II. fig. 1 by an arrow. The 
retractile neck action conflicted with the humping up of the shoulders 
anteriorly to form a nuchal fold, the anterior margin of the future carapace, and 
it was under this fold that the nuchal base was carried and left behind by the 
retractile neck (PI. II, fig. 2, arrow). This transfer of the nuchal scales was 
partly to avoid chafing and friction resultant on the telescoping neck, partly to 
increase the value of the nuchal as a muscle anclior by fixing it in the carapace 
tissue. 

Its attachment to the ventral side of the dermal carapace is well marked in 
Dermochelys both young and old, and the bone can easily be torn out of an adult 
carapace, with the hand, after putrefaction has loosened the layer of connective 
tissue which holds it in place. Its ventral attachment is also conspicuous in 
young Emyda granosa ceylonmsis^ but. in the adult it is pushed up. With the 
transformation from the Athocan to the Thecophoran the curvature of the spirre 

* It wM not till the specimen had been oleartng for some time in glycerin that the marginals 
appemd to view, and disseotioii showed them to be deep-seated. 


68 * 



loeo 


MR. P. B. P. DERANITAQILA ON 


ineretmed, and thereby brought the ueura! pi-ocess of the laet oervioal rertehra 
into intimate contact with this bone, which was pushed up until it touched the 
two anterior marginal bones, which it soon displaced. In some forms such as 
Gartiia carelta (Linne) the nuchal hone, instead of being covered by a single 
nuchal scute, often shows the primitive covering of two contiguous marginals and 
a small vertebral scute posterior to these, clear proof that these tliree platelets 
were supplanted by the nuchal, which was pushed up beneath them (PI. if. fig. 6). 
Besides, there are several fossils which show dermal Thecophoran platelets lying 
upon the neural plates ; many in some forms, reduced in others, until they dis- 
appeared completely, replaced by the neural expansions, which wore pushed up 
against them from below (PI. III. fig. 2). The nuchal bone increased its firmness 
in the Thecophora by fusing with the neural spine of the last cervical vertebra 
and with the contiguous endoskeletal callous expansions. This was necessitated 
by the greater stresses imposed on this bone, as the Thecophora, which were all 
terrestrial during a part of their evolution, depended for safety on the rapid with- 
drawal of the head into the corselet, whereas in a marine type, as the Atheca., 
speed of locomotion dispensed with the necessity for retraction into the corselet, 
while after a time the neck became short, tliick, and stiff, to give tiie animal a 
torpedo-shaped contour, to enable rapid progress through water influenced by 
waves and currents. 

As seen from the condition of the nuchal bone, the Atheca took to water 
before the retractile powers of the neck had developed as highly as in the Theco- 
phora, and once marine, development in this direction ended, ami the nuchal 
bone continued to remain in the stage it was when the animal first took to water. 

Embryological evidence, as seen by Parker in Chelonia mydas (Linn6) and by 
the writer in Dennochelys coriacea (Linne) and in Cnretta caretta (Linne), shows 
a lizard-like form with a well -developed lateral fold on each side, beneath which 
lie the limbs which project and are in no wtxy deep set. Later the nuchal 
fold appears, marking the anterior boundary of the carapace, and the embryo 
commences to widen laterally. The pygal area is confluent with the caudal area, 
and is the last part of the carapace to tlifterenti.ato itself. The early appearance 
of the nuchal bone prior to any of the dermal corselet bones shows that the 
retractile neck developed early in the history of tlie Testudinata. As all reptiles 
are covered with scales, it is reasonable to suppose that the ancestral form was 
similarly provided with subequal scales, wliich later differentiatetl into large and 
small, as seen on the flippers and heads of modern Oheloniida?. When the retrac- 
tile habit developed, the body scales ossified to form a protective corselet, the 
boundaries of which were the nuchal fold produced by the interaction of the neck 
retracting posteriorly against the shoulders, which humped up anteriorly ; while 
the lateral dermal fold, common to lizards, was the seat of the future marginals, 
and gradually the carapace extended posteriorly to shelter the hind limbs and 
tail (PI. II. fig. 3). The order of formation of the corselet is : — 

(1) Nuchal bone shifted under dermal corselet, which was covered with Athecan 

platelets (PI. I. fig. 1). 

(2) Athecan platelets replaced by deeper Thecophoran platelets, which .irose 

in the longitudinal corselet ridges (PI. I. fig. 2). 

(3) Endoskeleton forms expansions, and wherever these come into contact 

with the Thecophoran platelets replaces tliem (PI. I, fig. 3). 

(4) Nuchal is pushed up by the neural process of the last cervical vertebra 

in the Thecophora, and fuses with the endoskeletal expansions behind it. 

As the endoskeleton does not come into contact with the marginals or 

Thecophoran platelets of the pygal ^ea, these Utter persist in modem 

Thecophora, 
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Palseontology has revealed certain characters to be primitive, and are generally 
accepted as such to-day by the majority of scientists ; — 

(1) The roofing of the temporal region of the skull is primitive ; later the roof 

is lost through emargiimtion from behind.— TTa^son. 

(2) The primitive skull is palmorbital, and in it the frontal bone does not 

enter the orbital rim (PI. I. fig. 1). The recent or neo orbital has the 
frontal forming part of the orbit (PI. I. fig. 3). — Noj)€8a^ 

(3) A large parasphenoid separating the pterygoids is primitive. — Verstuys, 

(4) The presence of inframarginal scutes is primitive. 

(5) Ossicles or large scales on the tail is primitive. 

(6) Accessory bony platelets on the corselet, as in extinct forms, is primitive. 

Some modern forms are said to show faint traces of such, but this is open 
to doubt. 

Now, with this knowledge it is possible to attempt reconstructing the ancestral 
form : — 

(1) The skull liad the temporal region roofed over. It was palaeorbital and 

had a secondary palate partially developed, as seen in fossils. 

(2) Tlie nuchal bone was free. 

(3) The skeleton had no expansions. 

(4) The plastral bones had already arisen from the clavicles, interclavicle, 

thoracic ribs, and gastialia, but the hyo- and hypo-plastral bones di<l not 
overlap ns yet. This is the condition in the mature embryo which is 
doubled up over the yolk in a line of fiexure extending between these 
bones and dividing the plastron into thoracic and abdominal areas. 

(5) The corselet was dermal and covered with ossified scales, as seen in young 

Dermochelya. 

The original Protest udinate was probably palustrine, and carried three dorsal 
shields of osseous scales : the nuchal on the neck, the tergal or dorsal on the 
l)ack, and the caudal (PI. 111. fig. 1). These appear to have been strengthened 
by single rows of enlarged scales, and, judging from fossils and newly-hatched 
Dermochelya^ there was a well-developed ventral armature of osseous scales, similar 
to that found in the modern Caiman. As the animal commenced to retract its 
neck and limbs, the osseous scales upon them censed to be useful, and caused 
irritation by chahng as these members telescoped into safety within the corselet. 
Hence they gradually disappeared unless, as in the case of the nuchal, they were 
needed (PI. II. figs. 2, 3). The body coi*selet persisted, and tlie only marks of the 
previous existence of ossified scMiles on neck or limbs were probably denoted by 
longitudinal colour bands, which were continuous w^h the bands on the corselets 
and to-day occupy the rows of enlarged scales in young Dermochdya, The tail 
alone did not telescope, but was bent in sideways under the carapace, and has 
continued to be protected thus to this day. This was effected by one bend at the 
base of the tail in contrast to the numerous bends prior to retraction. As can be 
perceived, the tail was subjected to much less friction than the other members. 
Hence prominences such as ossicles or scales persisted on the tail, although absent 
from the head and neck, and also remain to some extent on the distal parts of the 
limbs which are not subject to friction, e. the Chelydridae have ossicles on the 
tail, and CareUochelya^ a smooth-skinned form, has large dorsal scales on the tail 
and four vestiges on the front margin of each fore limb. 

At this early stage the protestudinate corselet was entirely dermal with an 
external protective layer of ossified scales. The powers of retraction were limited 
and chiefly confined to the neck, while the animal shrugged its shoulders over its 
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head for protection, as do modern OheloniidsB, which suffer from a secondary loss 
of this power of retractility. Gx'adually the dermal corselet defined its boundaries 
ns the powers of retractility of the limbs developed the lateral fold, often so well 
marked in modern lizards, formed the two sides of the carapace, which, as seen 
from the developing embryo, ultimately projected posteriorly, forming a shelter 
for the tail. 

During this process the dermal corselet began to assume intimate contact with 
the endoskeletou, wliile the posterior portion of the carapace was supported by 
some of the posterior ribs which elongated until they sheltered the pelvic girdle. 
As frequently occurs when skin comes into close contact with bone, it began to 
thicken and stifieii, and in so doing pressed down on the endoskeleton. The 
shoulder-girdle, which hitherto lay in the normal reptilian position, found itself 
becoming constricted between these two. To remain in its original position 
would presently render it immobile and force it to ankylose with the ribs ; the 
only alternative w as to shift to a position where the skin was more flexible, and 
where there would be a greater depth of soft tissue between the dermis and 
skeleton. Such conditions existed towards the base of the neck ; so, aided by the 
shrugging shoulders as they protected the head, the pectoral girdle migrated 
anteriorly past the first rib. As the forequarters developed a permanent protec- 
tive hunch, the scapula slid over the front ribs and attained a vertical position, 
bringing its distal end in contact with the carapace in the interspace between 
the nuchal bone and rudimentary first rib (PI. I.). Thus it will be noticed that, 
although the scapula shifted, its position still remains external to the ribs, ns it is 
in front of the first rib. It was impossible for the scapula to revert to its original 
position, as the dermal carapace was in intimate contact with the ribs ; so in order 
to strengthen its comparatively superficial position, it developed osseous prolon- 
gations which advanced back into the body-cavity. These are the new acromium 
process and the enlarged coracoid which had no obstacles to bar their backward 
progress, as the interclavicle and clavicles were separate from the s)\eleton and 
embedded in the plastron. These new bones were of use both to strengthen the 
position of the scapula and also combined with it to form a tripod to keep the 
carapace apart from the plastron, and for this purpose the scapula changed fronj 
a flat bone to a cylindrical one. The attachment of the scapula to what is really 
the nuchal fold of the carapace was observed in X-ray photographs of Dermo- 
chelya as well as in cleared specimens of all the Ceylon forms. Supporting the 
view that the acromium and coracoid are secondary prolongations posteriorly is 
the statement by H. Buckes, who, w'hilst maintaining that the pectoral girdle has 
not shifted, finds on sectioning embryos “ There always persists a mncli reduced 
remnant of the body-wall between the girdle elements and the body-cavity proper.^' 
This plainly shows that the secondary developments of these bones must have 
bent the body-wall into the cmlomic space. 

The animal now had a dermal corselet covered with ossified dermal scales, 
while the pectoral and pelvic girdles lay partially sheltered by the ribs. At this 
stage one branch took to water, never to abandon it. This gave rise to the 
Atheca. The remainder gradually became terrestrial at varying intervals end 
formed the Thecophora. The sun’s rays and altered conditions of terrestrial 
existence produced a gradual stiffening of the dermal corselet, and with the change 
of habitat the Thecophora relied more than ever on liunching themselves up, and 
evolved an armadillo-like habit of rolling up into a bull after retracting the neck 
and hunching the shoulders over the head. They were enabled to do this because 
at this stage the hyo- and hypo-plastral bones of the adult did not overlap, but 
remained apart as they do in the embryos of modern Thecophora. The dermal 
corselet was divided into strips by transverse lines of flexure or sulci, which 
developed between the ribs and facilitated the process of coiling up for protection. 
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The ossified dermal scales, hitherto common to the Atheca and Tiiecophors, 
soon proved insuificient protection for the slow-moving terrestrial form, and 
larger secondaiy bony platelets developed deep in the thick longitudinal deimnl 
ridges of the coi'selet. I'hey appear to have been confined to the ridges, as 
probably the carapace skin was not deep enough elsewhere to permit of their 
development. The upper Athecan ossified scales were entirely replaced by the 
Thecophoran platelets of deeper dermal origin, and the former soon ceased to 
exist. Probably the Thecophoran secondary platelets uiulerweiit considerable 
reduction until the minimuin of fourteen marginals was reached. This is the 
largest known number of marginals present on one si<le of a Thecophoran, viz., 
Caretta, whereas young Derinochelya shows twenty-eight to thirty enlarged 
dermal marginal scales. 

But even tliese platelets were insufficient protection, and so those skeletal 
bones which came into contact with the dermal corselet formed callous-like 
expansions. As these expanded, the dermis became stififer and more corneous in 
proportion to the surface of bone brought in close contact with it, and the scutes 
became completely keratinuous as in modern Thecophom, 

Embryos of modorn Thecophora show the soft vascular dermis divided into 
scutes long before the appearance of dermal l>ones or any skeletal expansions, and 
it is only with tlio formation of these expansions that the I'hecophoran scutes 
become entirely keratinous. Fossil evidence amply proves the presence of the 
Thecophoran platelets which lie on the skeleton in such forms as Proganocluelya^ 
ToxochalySy the ProtostegideR, and ArcheloUy and it is sigidficant that where the 
skeletal expansions are slight, these platelets are most abundant and are fewest on 
those forms which possess advanced skeletal expansions. 

In the stage where the Thecophoran protected itself by rolling up, sulci split 
the dermal corselet covering into scutes. Now, the marginal edge required 
a maximum of flexibility to enable constriction to as close a compass as possible 
when the aiiiiiid coiled itself up. Hence there was a sulcus between every two 
marginal platelets. As such flexibility was not necessary for the rest of the 
carapace, the other divisions were larger. The infraiiiarginals, and when present 
the supramarginals, are fewer and larger than the marginals, while the costal and 
vertebral scutes are largest of all. This was caused by fusion of some of the 
scutes, and gradually the minimum number of three sulci and four costals was 
reached. This explains the noaily constant presence of four costal scutes in the 
vast majority of Thecophora wdiile thei*e are more costal plates than scutes, 
whereas tlie marginal plates equal in number the marginal scutes. The Thecophoran 
ridge platelets underwent a similar reduction into larger and fewer platelets before 
they finally disappeared. The plastron, which had to be encompassed by the 
carapace and hence forced to assume smaller dimensions, also retained more 
dividing sulci than the carapace. At a later date the first pair of marginals were 
replaced by the nuchal bone, which was pushed up against them, and with their 
loss the marginal scutes shifted up accordingly and disarranged their original 
position with regard to the marginal plates, and this was further enhanced by the 
inermsing curvature of the carapace. Gradually friction against the ground and 
other causes stiffened the plastron, while now the endoskeletal expansions were so 
advanced that they became juxtaposed osseous plates which eventually were 
to replace entirely the Thecophoran platelets. It was then that the coiling>up 
habit was dispensed with, and the animal depended solely on retraction into 
its hard corselets, while at this stage the ends of the hyo- and hypoplastra over- 
lapped in the adult, as they do in all modern Testudinata. The sulci of the 
** armadillo ” stage persisted in spite of the loss of the coiling-up habit. There 
were two chief stimuli which assisted in the retention of the sulci — the curvature 
of the embryo round the yolk and the existence under terrestrial conditions which 
originally stiffened the dermal corselet. The stimulus derived during the 
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euibvjovuc ]|^^viod Iobqs ita potency in old e^e^ when the scutes tend to fuse until 
in Tery old specimens they are almost indistinguishable. The terrestrial condi- 
tions fail to act on forms ^hich have remained aquatic for long periods, and the 
scutes, which are no longer needed by the now fast-moving animal, disappear as 
they have done in the Trionychoidea and Carettochelys, 

The arching of the carapace, the numerical reduction of the costal and vertebral 
scutes by fusion, the pushing forward of the marginal scutes after the anteiior 
pair had been supplanted by the nuchal, have all tended to disarrange the original 
position of the scutes, and it is the marginals alone which provide a clue to solving 
the incongruities displayed between the costal scutes and their underlying plates. 
PI. II. fig. 5 shows the carapace of Caretta* with two marginals and a vertebral 
instead of the nuchal scute. This makes fourteen marginals on each side. By 
joining the opposite marginal sulci, thirteen parallel lines are obtained across the 
carapace. A middle line is drawn through the carapace, and the modern number 
of vertebral scutes resulting from a fusion of the fourteen primitive vertehmls is 
obtained by drawing a series of trapezia. Tlie first of these begins on the first 
sulcus and ends on the third, with its long axis along the median line and its short 
axis along the second sulcus. Six trapezia are thus obtained, of which one is in 
tbO pygal region and is discarded, while the other, together with two marginals, 
covers the nuchal and forms a single united scute, leaving four vertebrals, thirteen 
marginals, and five costals. This is the minimum sentation for Caretta, which 
shows numerous variations to the earlier stages, but never produces any individuals 
with four costal shields on each side, as it never reached this stage of reduction. 

The sulci of the “ armadillo ” stage in any scuted Testudinate may be deter- 
. mined by drawing lines parallel to the pygal scute, ?. 0 ., by continuing the anterior 
boundary of the last vertebral and on to the anterior boundary of the costal scute 
of the opposite side. This process repeated for all the costals gives the lines 
of flexure possessed by the animal when in its armadillo ” stage. 

The sulci, or lines of flexure, of the “ armadillo ” stage persisted in various 
ways in modem Thecophora. 

(1) The number of marginal scutes always equals the number of marginal 

plates. 

(2) The plastron and, at times, the carapace of many forms show movable 

lobes hinged along former lines of flexure. These lobes are now used for 
a different purpose, and are compressible, while the presence of the hinges 
are more a case of secondary reversal than a direct survival of the former 
condition, as some forms develop the hinged condition late in life (see 
appended list of hinge-lohed forms). 

(3) The plastra of Testudinata are usually concave, except in ovigerous or 

obese specimens, whereas the normal ventral outline in reptiles is convex. 

(4) The plastron is smaller than the carapace, yet, even so, in order to enable 

the larger carapace to thoroughly encompass it, the plastron has more 
divisions than the carapace, to form as small a roll as possible when the 
animal coils up. 

(5) The scutes differentiate out long before the formation of marginal hones or 

endoskeletal expansions in the embryos of modern Thecophora. This 
shows that the rolling-up habit commenced soon after the Thecophora. 
became terrestrial, and appears to denote that the skin thickened before 
the endoskeleton expanded. Probably at this stage the scutes o\erlapp(d 
to some extent as they do in the adolescent Eretmochelys imbHcata, while 
most modern Thecophora show marginal scutes with imbricate outer 
edges, and the young when a few weeks old show faintly imbricate scutes. 

* The oarapaoe of Caretta ie used to derive the aaoestral type of Theoophovan shown in 
Sg. 5 (PL n.). 
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(6) Transvei'so bandH of pigment run from marginal to margiaal along tbo suhi 

of the carapace, but never across the scutes. Such bands might betoken 
former lines of flexure. The best instance is in Chrysemya piata. 

(7) As seen from the marginals of Careita, there were probably thirteen sulci, 

which became reduced by fusion of the divisions. Three lines of flexure 
was the minimum necessary for coiling up. Most forms developed a stiff 
ossified corselet some time after attaining tins three-groove stage, thereby 
enabling the condition to become stable. 

These modern forms rarely throw back to the four- or five-groove stage, and the 
appearance of more than four costal scutes on a side is vex’y rare. One form, 
Garetta, stiffened up just l^efore reaching this stage ; hence its lines of flexure are 
not stable, and throwbacks to the stages where tlie lines of flexure were more 
numerous frequently occur, its rapid ossification did not permit it to reach the 
three-groove stage, but stiffened its corselet even before the four-groove stage had 
existed very long. Hence the four-groove stage is by no means constant, and the 
animal, which has a minimum of five costals on each side, throws back to the eight 
or even nine costals a side stage. To-day tbis form is the earliest of the Oheloniidee 
to complete its ossification, and when on land its ossification must have been 
correspondingly faster than that of the others. Further proof that the animal 
developed a stiff plastron before it reached the four-ccstal stage is that the costal 
variations are always in excess of five scutes, never four or less. 

Thecophora with Hinged Plastra from Ditmabs. 

Superfamily P L b u r o d i r a. 

Family Pelombdusid^. 

Genus Stem^othmrtia^ hinged front lobe. 

Siiperfamily Crvptodira, 

Family DBKMATEMYDlDiE. 

Genus Saiirotogpua, front lobe. 

Family OiNosTERNiDiE. 

Genus AroniocJbdya i fixed median bridge witli anterior 

Genus Cinoaternum J and posterior lobes movable. 

Family Testudinid^. 

Genus Chryaemys, colour marks of fiexure lines. 

Genus Emys, hinged at middle. 

Genus Giatiido, Jiiuged. 

Genus Cydemys, hinged at middle. ^ 

Genus Cinyxia, posterior of cai-apace hinged. 

Genus Notoehelyay binged. 

At varying intervals representatives of the Thecophora became aquatic and 
underwent secondary changes. The limbs became paddle-shaped, the corselet 
depressed, the scutes and scales vanished, and ossification was retarded xuid even 
repressed, as seen in the Trionychoidea, where the fossil Paeudotrionyx lias the 
nuchal, pygal, and an almost complete set of marginals ; while Emyda ceylonenais 
has lost the pygal and most of the marginals (PI. II. fig, 7), until Aapidonectea 
apinifer has only the nuchal left of the dermal bones. Prior to extensive osseous 
reduction the scutes and scales disappear, although at times the young may show 
them as rudiments, as in the case of Carattochalyat where osseous raduction 
has not yet commenoed. 
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Some fossil forms, such as Arckelcn iseh^os (PL III, Bg. 2), appear to have 
'taken to water before the Theoophoran platelets were entirely leplaced by endo- 
skeletal expansions, which were at an early stnge of development, and possibly 
suffered reduction on the animal taking to the water. The theory arose that this 
was an nncestral Athecan, reducing its endoskeletnl expansions and commencing to 
develop dermal platelets as prolifemtions of the marginals. This theory fails 
to explain why, when in the water, the matgiuals should increase while the 
remaining osseous structures were being reduced. It does not explain the origin 
of the marginals, and does not consider why modern aquatic Thecophora have not 
pi*ogressed toward evolving more dermal platelets by a proliferation of the 
marginals ” and made an advance on the stages seen in the fossils. Instead of 
increasing, these platelets have in all cases disappeared, leaving bare the modern 
Thecoplioiau carapace, which in several instances shows no greater ossifictition 
than that seen in fossils provided with platelets. Palaeontology shows that the 
dermal platelets vanished in the Thecophora, while in Dermoclielys the ossifte<l 
scales are disappearing similarly, the fossil Athecans showing a slight ventral 
reduction while modern Dermochelya shows a great reduction, and at times an 
entii'e absence, of the ventml armature. Tills theory also overlooks the highly 
primitive anatomical features of Dei'mochelya, It is true that this form does 
present several secondary modifications ; yet no animal which can boast of such 
a pedigree has not undergone similar alterations. Considering the length of time 
DermoMlya has remained in water, it is no matter for surprise that externally it 
is so far ahead of the Thecophora in aquatic adaptation. It is also well known 
that, owing to the uniform diameter of a water environment, the anatomy of an 
aquatic animal changes more slowly than a similar terrestrial form, although the 
external shape alters comparatively soon to enable progress tbrougli water. Hence 
it will be seen, especially after perusal of the numerous primitive characters 
of Dermochelya given towards the end of this paper, that this form is the earliest 
split off from tiie primitive Testudinate trunk now existing. 

After considoiing the changes brought about b}’' an aquatic life, it is necessary 
to turn to the terrestrial. These changes are : (1) Disappearance of the temporal 
roof from the skull by posterior emargination ; (2) the head, neck, limbs, and tail 
become completely and swiftly retractile; (3) there is a tendnney to speedy ossifi- 
cation and fusion of the bony parts ; (4) squeezing-out of the neural and pygal 
plates by the expanding costals; (5) the carapace becomes tectiform, or dome- 
shaped, to store a greater amount of peritoneal fluid, which acts as a buffer 
to regulate changes in external temperature and holds a water-supply, vi hiie the 
shape prevents carnivores getting their jaws over the margin of the corselet ; 
(6) the limbs are rounded and columnar ; (7) the beaks show serrate margins and 
strong alveolar ridges on the upper one; (8) retention of claws, scutes, and 
lepidosis. In view of these characteristics, it would seem that the systematic 
positions of the Pleurodira and Trionychoidea require considering. The PJeurodira 
show the most advanced ossification known to the Thecophora in having the pelvis 
fused to the corselet, the skull greatly modified, and the neural plates squeezed 
completely out by the costals. This would denote that they had a prolonged 
terrestrial existence — longer than any of the other living Thecophom-^in order to 
come by the modifications. As all living Pleurodira are amphibious or aquatic, 
they appear to have taken to water at a recent date, as their aquatic modifications 
are not very conspicuous. The Trionychoidea appear next in the length of time 
spent on land. The skull is highly modified, and the pygals and many of the 
neural plates liave been squeezed out by the costals. They also appear to have 
remained in the water longer than any other Thecophora, seeing that they have 
lost scutes, scales, and most of their marginal platelets. The claws have also 
begun to disappear; but this process is delayed, owing to the frictional stimulus^ 
they receive when the animals come ashore, as they do at frequent intervals, 
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to bask by day or to forage at night. Moroover, their corselet is more depressed 
than in any of the other aquatic Thecophora, which are all following in their 
wake. 

Very similar in external appearance, even to the tubnte snout and raised eyes, 
which are an adaptation to a freshwater environment, is Carettochelya iwmipia 
Ramsay, figured in de Rooij, known only from New Guinea. It is covered witli 
smooth skin, except for a row of four rudimentary scales on the front edge of each 
arm and a row of broad dorsal scales on the tail. The limbs in this animal, which 
is probably essentially a swimming form, are modified into short paddles with two 
claws each. Ossification is very pronounced, and even in the very young the 
marginals and plastral bones are well developed. The skull has a wide quadratq- 
temporal arcade, while the neural plates of the carapace are separated from each 
other in the adult by thecostals, which are beginning to squeeze them out, as they 
have already done in the Pleurodira. The young usually have the neurals con- 
tiguous, and it is only when the costals expand in the adult that they are separated. 
Apart from this, the young show a few rudimentary \ertebnd scutes anteriorly 
which disjippear later. This form appears to be a Pleurodiian, which took to water 
before the neurals were entirely squeezed out, but it remained on land long enough 
to commence this alteration, its strong ossification also denotes a prolonged 
terrestrial stay, while the period spent in water is considerably less than that 
spent by the Tiionychoidea, as it hn.s retained its ossification, which is unretarde<l, 
while some scales still remain, and the vertebral scutes still appear on the young. 

The CheloiiiiduB appear to have left the nlarsh for dry land after the Triony- 
choidea took to water. Their terrestrial life was too brief to have a marked efiTect 
>n their skulls or iiiframnrginal scutes, and then they become aquatic. Their 
aquatic life has been far shorter than that of the Trionychoidea, as they still retain 
scutes, scales, and marginal'^, wliile the corselet, although depressed, is not as 
depressed as in the Trionychoidea. The reduction of claws to two or one and the 
formation of elongate paddle-like limbs appear to be due to almost continuous 
progression through strong wa> es and currents, for, as they rarely come ashoie, 
their claws do not receive the frictional stimulus necessary for their main- 
tenance. 

The Chelydridffi also apj[>ear to have left the marsh recently, and, as seen from 
the skull, sptiit a short time on land, probably somewhat longer than the Oheloniidn', 
but not sufficiently i-o lose their inframarginal scutes or caudal ossicles. They 
then took to water, where they ha\e not remained sufficiently long to enable them 
to lose their scutes, claws, or marginal bones. 

As no paper on Testudinate evolution is complete without a reference to that 
rare form, the leathery turtle, Demiochelys coriacea (Linn6), a short description of 
this animal will not be out of place. For a detailed description the reader 
is referred to ‘ Testiidinata of Oeylon : Spolia Zey^||nica,’ Sec. B, 1930, by the 
writer. 

Dei^moeh^lya coriacea is the sole living representative of the Atheca. It is 
a deep-water form, and only comes into littoral waters prior to coming ashore to 
deposit its spherical soft-shelled eggs, of which about 130 are laid at a time. The 
young on hatching betake tliemselves to deep water, and the intermediate stages 
are not known. During development the first pigment to appear on the hyaline 
embryo is the dark eyes and longitudinal streaks of white pigment, which extend 
over the neck and corselet. On hatching, the animal is a slaty black, with seven 
longitudinal white bands dorsally and five vsntrally. The entire oaiapace and 
plastron are broken up into numerous lizard-like subequal scales, except for the 
white lines, which consist of rows of somewhat larger scales in a single row 
(for figure, see de Rooij). The limbs at times show rudimentary claws, and the 
fore Uppers of a specimen, which bad no claws on hatching, show two well- 
developed claws on each after its death, 12 days later. 
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The Coi'selet scales ossify with age, and their boundaries disappear as do the 
okws, and the entiie animal is covered with smootl) skin. The single rows of enlarged 
scale shows up ns a series of knobs where the eaiinee of the scales project above 
the intervening smaller scales, which are flat. The white pigment disappears, being 
broken up into dots, which persist longest on the neck. Throughout life the 
skeleton of the animal retains its embryonic proportions, except the hyoplastra 
and hypoplnstrn, whicli elongate to overlap at the mid-ventral line, whereas in tl e 
embryo they ended away from this region, winch was the line of flexure over 
the yolk. The plastral bones have no entoplastron— probably lost as a result of 
the strong arm-nction of this fast swimming form, which can swim and dive easily 
IIS soon as hatched, whereas the Oheloniiciro usually float at the surface for 48 
hours, buoyed up by the internal yolk material, and are unable to dive with 
any facility for the first week or more. 

Some noteworthy features of Dermochelya are the following, of which the 
primitive ones are denoted by an asterisk : — 

(1;* Young covered in liznrd-like, small scales j those on head enlarged as in 
many lizards; scales on neck and limbs subequal, not differentiated into 
large and small as in the Thecophora ; cwselet scaly, 

(2) Adult loses all scale boundaries and is covered with smooth skin, probably 

to lessen friction in a fast-swimming pelagic form. 

(3) The ventral osseous platelets of the adult have sharper carinie than the 

dorsal ones, showing that the animal is not a recent departure from 
land, where friction would have evolved smooth platelets as in the 
Oaiman. 

(4) * Beaks with smooth edges; no alveolar ridges. 

(5) In the Testudinata the eye is oblique ; this form shows an exaggeration 

of this angle. 

(6) * A greater number of corselet ridges than the Thecophora, which usually 

show a few ridges, especially when young. 

(7) * There is a lizard-like dorsal cutaneous crest to tail. 

(8) * The skeleton does not advance in development, but remains in the 

embryonic condition and resembles the skeleton of embryonic or very 
young Thecophora. 

(9) * The nuchal bone is free, and is ventrally attached to the dermal carapace, 

as IS the case in some young Thecophora, es^iecially ETnyd^a ccyloncttsui, 

(10) * The skull is palaorbital, and has the temporal region completely roofed 

over ; it has no parietal buttresses. A large parasphenoid bone nearlv 
separates the pterygoids. i y 

(11) * Sigmoid flexure of neck is the least marked of the whole order. 

(12) * The pelvis is very primitive. If it were completely ossified, Nopcsa snys 

it would recall the most primitive reptilian pelvis. It would be more 
primitive than the pelvis of the AmpbichelydaD.” 

(13) * The corselet ossification is in its pristine, condition, whereas the 

Thecophora have progressed two stages further. 

(14) Entoplastron lost owing to strong arm action in this pelagic form. 

(15) External shape shows the highest Testudinate evolution for an aquatic 

life. It has reached the short torpedo-like shape with perfect stream- 
lining, the anterior end being wider than the posterior, which, owing 
its tapering form, does not create a vacuum in the water behind, to 
retard the progress of the animal. ’ 

(16) * Several eggs in a nest produce perfect double embryos, a very rare 

occurrence in the Thecophora. 

(17) * There are several Thecophora covered in smooth skin like Dmmdielys 

but none possess young or embryos with a scaly coronet As all 
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reptiles are scaly, the ancestral Testudinate type must bare been 

likewise. 

(18) The embryos of DermochdyB never show the large-corselet scutes of the 

Thecophora which appear in the latter prior to pigmentation. 

(19) * The white longitudinal bands and the eye pigment are the first colours 

to appear in the hyaline 27 -day-old Dermochelya embryo. Probably 
the ancestral fonn had large scales, similar to those on the carapace 
ridges, continued along the white pigment of the neck. Subsequently 
these scales disappeared when the telescoping neck developed, and only 
the pigment remained. 

The following conclusions are to be drawn from this paper on Testudinata ; — 

(1) The nuchal bone is an anchor for retractile neck-muscles. 

(2) Tliere are two types of skull ; the original form had the temporal region 

roofed over. This roof was lost when the animal came ashore and the 
secondary type arose. The comparative period spent on land can be ascer- 
tained by the amount of change undei’gone by the temporal roof. 

(3) The pnmitive Testudinate was a marsh dweller which was covered with 

scales. It was more or le.>iS lizard -like, and the lateral dermal folds forme<l 
the margins of the future carapace. 

(4) The pectoral girdle shifted anteriorly over the ribs to avoid constriction 

between them and the dermal corselet, and then sent out osseous processes 
to stabilise its position. The scapula is still external to the ribs, and its 
distal end is in contact with the nuchal fold of the carapace. 

(5) One branch took to water, the rest came ashore, where they remained for 

short or long periods before taking to water. Marsh-land water is the 
order of change of habitation in Thecophora. 

(6) During the terrestrial period they first protected themselves by rolling 

up like armadillos, and this habit broke up the corselet skin into scutes. 

(7) Later the corselet ossified, and complete retraction into the corselet was 

substituted for coiling up. 

(8) Dermochelys is the result of the first division of the Testudinata, and, as it 

remained in water, retained many primitive charactei's the others lost 
during their terrestrial period. 

(9) There are two sets of dermal platelets — »n upper Athecan one of ossified 

scales and a lower 'I hecophornn layer, I'he first has disappeared entirely 
from modern Thecophora, which still retain a few remnants of the second 
layer. 

(10) By employing an ellipse with fourteen marginals, the carapace scutes 
of Caretta can be drawn out geometrically together with its latest 
variations. ^ 
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EXPLANATION OP THE PLATES. 

Plate I. 

Stages of corselet ossification. 

Fig. 1. Darmodhelys with Otheoan platelets in white and narrow plastral bones. Sknll paleorbital. 
Nuchal oroBs-hatched. 

2. Reconstruction from fossils. Athccan platelets white, Theoophoran platelets black, and 

endoskeletal expansions oommoncing 

3. Theoophoran. Total loss of Atheoan platelets. Skull neo-orbital and emarginate. 

Curving neck. Expansions from endoskeletal and plastral bones. 

Plate II. 

Evolutionary sequence. 

Fig. 1. Lisard-like marsh dweller. Scaly cove dug. Nuchal scales denoted by arrow. 

2. Formation of nuchal fold and shifting of nuchal scales under it 

8. Corselet extends posteriorly Scales at base of neck and limbs lost through friction. 

4. Thecophoran platelets in black. 

5. Denvation of ancosiral Thecophoran from carapace of Caretta with 14 marginals. 

Thecophoran platelets shown m black. 

6. Nucbsl sente of CaretUi careiia (Linn^) divided into two marginals and a vertebral (dotted 

lines). 

6a. Caretta showing fusion ef scutes. Thecophoran platelets black. 

7. JBmyda granoea eeylotienete (Kelaart), showing loss of scutes, scales, and most of 

Theoophoran platelets, 

Plate HI. 

Fig, 1. AmdiUo-likfi habit. 

2, AficMon uehyroe Weiland, a fossil showing Theoophoran platelets (black) as supra- 
laaigiiials and epmeozals, disappearing before the expanding eodoekelekl 
MbdtM ftom Verdnye, 
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51. The Otoliths oE some Large Eels from the Lake of Tanis. 
By Dr. A. Gavdoi.fi Hornyoi.d, F.R.M.S., P.Z.S. 


[Reoeivod July 9, 1930; Bead Novembor 18, 1930.] 
(Plates I.-IV.) 


Last winter I worked on the eel of the Lake of Tunis at the Oceanographical 
Station of Salammbo. I chiefly studied the age, growth, and sex of the small 
Silver Eel, but I also studied the otoliths of 13 large silver females. 1 most 
sincerely thank M. and Mrae H. lleldt, Director and Assistant of the Station, 
for all that they have done to help me in my work. My thanks are also due to 
M. Fernand Angel, of the Museum National d’Histoire Naturelle of Paris, for the 
drawings and for the great pains he took to render the otoliths as perfectly as 
possible, a by no means easy task. 

I begin by giving the length and weight of the eels, and the dimensions of 
I heir otoliths, as also the magnification : — 


Dimensions of otoliths. 


Length. Weight. 


cm. 

101 

gr. 

1890 

Fig. 1. 

Left 

mm. 

5*3 X 3*0 

Fig. 2. 

mm. 

Bight, 5*3 X 2*9 

Magnification. 

X 10 

100 

1780 

3. 

j* 

4*5 X 2*5 

4. 

t) 

4*0 X 2*7 

xl4 

99 

2110 

5. 


5-3 X 2*9 

6. 

>f 

6*0 X 2*7 

xl2 

99 

1620 

7. 


5*1 X 3*4 

8. 


5*0 X 2*7 

xl2 

96 

1675 

9. 


r>-5 X 3-2 

10. 

It 

5 0 X 3*4 

xll 

93 

1405 

11. 

»» 

4-9 X 2*5 

12. 

tt 

6*5 X 3*0 

xl3 

91 

1380 

13. 


5-0 X 3*2 

14. 

ti 

5*0 X 2*5 

xl2 

90 

1035 

15. 


5-6 X 2-7 

16. 

tt 

5*1 X 3*2 

xll 

S9 

1150 

17, 

»» 

4-8 X 2-5 

18. 

tt 

6*6 X 2*6 

xl2 

88 

1385 

19. 

•» 

5*3 X 3*0 

20. 

tt 

5*0 X 3*1 

xl2 

8.'> 

1210 

21. 

IT 

5*0 X 2*9 

22, 

tt 

5*3 X 2*8 

xl2 

81 

1175 

23. 


4*1 X 2*4 

24. 

tt 

4*1 X 2*4 

xl5 

77 

775 

25. 


5*0 X 2*8 

26. 

tt 

5*0 X 2*8 

xl2 


The table confirms my previous observations, showing that both the saccnlai' 
otoliths can be of the same size or that they can difier more or less ; for instance, 
the left otolith of the 93-cm. fernnle measures 4-9 X 2-5 innt. and the right otolith 
5‘6x3 mm., the left otolith of the 70-cm. female measures 5*6 x 2-7 min. and the 
right otolith 6*1 X 3 mm. Both the otoliths of the 81 and 79-cm. females are of 
the same size, and measure I'espectively 4*1 X 2*4 and 5 x 2*8 inra. There are two 
females measuring 99 cm., and their otoliths measure: left 5*3x29, right 
5x 2*7 mm., and left 5*1 X 3*4, right 5x 2*7 mm., which shows that the otoliths of 
eels of the same size can differ more or less. 

The smallest of the 13 females measured 77 mm., and its otoliths measured both 
6 X 2*8 mm. and were larger than those of the 100-cm. female, which only measured 
4 5 X 2*5 and 4 x 2*7 mm. The table gives various examples, and also shows that 
the size of the otolitii is not in absolute proportion to the length of the eel, though 
naturally the otoliths of a 50-cm. eel would be smaller than those of a 100-cm, 
long eel 
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'The largest female measured 101 cm., with a weight of 1890 gr.,and the otoliths 
measured 5*3 x 3 auii 5*3 x 2*9 cm. The heaviest eel measured 99 cm., with a weight 
of 2110 gr., and the otoliths measured 5*3 x 2*9 and 5 x 2*7 mm. The right otolith 
of the 83-cm. female had the greatest length, and measured 5 6 X 2*6 mm., but the 
corresponding left otolith only measured 4*8 x 2*5 mm. The two broadest otoliths 
were the left otolith of the 99>cm. and 1620-gr eel, which measured 5*1 x3*4 mm., 
and the right otolith of the 96-cm. eel, which measured nearly the same, 
5x3*4 mm. 

The left otolith of the lOl-cin. eel (PI. 1. £g. 1) is elongated ; the dorsal rim is 
curved, with various indentations, the ventral rim is nearly straight, and the 
posterior riru forms a rounded protuberance with a slight notch. The antirostrum 
is fairly large and flattened, and the rostrum is very large and rounded. The 
excisure is large. The undivided sulcus opens out widely on the dorsal front of 
rostrum ; it is straight and very wide, ending at about flve-sixths of the length of 
the otolith. 

'J'he right otolith (PI. I. fig. 2) is elongated ; the dorsal rim is curved, with a few 
indentations, the ventral rim is straight, and the posterior rim forms a point. The 
antiro.stnim is small and forms a sharp point, and the rostrum is fairly large and 
obtuse. An excisure is present. The straight, wide, undivided sulcus opens out 
very widtdy on the dorsal part of rostrum, and ends rounded at about three- 
fourths of the length of the otolith. 

In both these otoliths the deepest part of the sulcus forms a narrow channel, 
and the sulcus slopes down very gradually on the ventral side and more abruptly 
on the dorsal side. 

The left otolith of the 100-cm. eel (PI. I. fig. 3) is very elongated ; the dorsal rim 
is very slightly curved, the ventral rim is straight, and the posterior rim is 
rounded, forming a very slight protuberance in the centre with a small notch above 
and below. The anti rostrum forms a small sharp point, and the rostrum is small 
and flattened. An excisure is present. The straight undivided sulcus opon.s out 
widely on to the frontal rim and tapers down gradually, a.n<l ends in a point at about 
six-sevenilis of the length of the otolith. Jt is crossed by a ridge one-third of its 
length, and both the opening and the end are deep. The sulcus slopes down 
gradually on the ventral side. 

The left otolith (PI. I. fig. 4) is much less elongated and narrow ; the dorsal rim 
would lie straiglit were it not for some irregularities, the ventral rim is very 
curved, with some indentations near the rostrum, and the posterior rim is flattened 
and slightly oblique, with a small rounded protuberance in the centre with a largo 
notch above ami a smaller below. The antirostrum is small and blunt ; tlie rostrum 
is flattened, with some indentations on the lower part which continue on the ventral 
rim. An excisure is present. The straiglit undivided sulcus opens out widely on 
to the dorsjil js»ide of the rostrum and tapers down gradually, ending rpunded at 
about four-fifths of the length of the otolith. A narrow, curved, fairly deep channel 
begins in the deepest part of the sulcus, and opens on to the posterior rim in the 
notch above the protubemnce. 

The left otolith of the 99-cm. and 2110-gr. eel (PI. I. fig. 5) is narrow and 
elongated, the dorsal rim is very slightly curved and indentated, the ventral rim is 
curved, with a few indentations near the posterior rim, and the posterior rim forms 
three protuberances. The antirostrum is small, the rostrum is large, and both are 
i*ounded. There is a small excisure. The sulcus is undivided and slightly curved, 
opening widely on dorsal part of rostrum ; it tapers down gradually, ending 
rounded at about three-fourths of the length of the otolith. There is a small 
fissure on the dorsal side of the sulcus running a short distance towards the frontal 
rim. The ventral side of the sulcus slopes down very gradually so that the end is 
not very distinct. 

The right otolith (PI. I. fig. 6) is also elongated and narrow ; the dorsal rim is 
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slightly curved and iiidentated, the ventral rim is curved and slightly indentated, 
and the posterior rim forms three protuberances. Both the rostrum and the anli- 
rostrum are pointed. An excisure is present. The straight undivided sulcus opens 
out widely on to the frontal rim and tapers down gradually, ending rounded at about 
two-thirds of the length of the otolith. There is a slight constriction on the dorsal 
side of the sulcus at about half the length, but not sufficient to warrant a division 
in ostium and cauda. Tlie ventral side slopes down gradually, but the end of the 
sulcus is more distinct than in the left otolith. 

The left otolith of the99-cm. and 1620-gr. eel (PI. II. fig. 7) is elongated ; the 
dorsal rim is curved, with large indentations, the ventral rim nearly straight, and 
the posterior rim forms a point. The antirostruia is large and forms a blunt point, 
and the rostrum is very large and rounded. An excisure is present. The very wide, 
shallow, slightly curved, and undivided sulcus opens out widely on the frontal rim, 
and ends rounded at about five-sixths of the length of the otolith. The sulcus 
slopes down on the ventral side, and the deep part is very narrow. 

The left otolith (PI. II. fig. 8) is less elongated ; both the dorsal and ventral rims 
are slightly curved and the posterior rim is rounded. All the rims are more or 
less indentated, and the posterior rim has a large protul)erance. The antirostrum 
is barely indicated and the rostrum is very large ; both are obtuse. An excisure is 
indicated. The very wide, shallow, curved, undivided sulcus ends rounded at about 
five-sixths of the length of the otolith. The sulcus opens widely on the frontal 
rim, and is more curved than is the case in the left otolith. It is even more 
shallow, slojfing down very gradually on to the ventral side, so that the end is not 
very distinct. 

The left otolith of the 96-cm. eel (PI. II. fig. 9) is elongated ; the dorsal rim is 
curved, with very large and deep indentations towards the posterior rim, giving an 
impression as if part of the otolith had been eaten or broken away. The ventral 
rim is curved and the posterior rim is rounded, with a large notch. Both theanti- 
I’ostrum and the rostrum are large, forming sharp points, and the excisure is very 
large, forming a right angle with the antirostrum and rostrum. The wide, 
straight, undivided sulcus opens out widely on the frontal rim, and ends rounded 
at about three-fourths of the length of the otolit h. Tlie sulcus is deeper than in 
some of the previously described otoliths, and tiio end is more distinct. 

The right otolith (Pl.Il.lig. 10) is elongated ; both the doisal and ventral lirns 
are curved and the posterior rim is rounded. The dor>aI and posterior rims ha^e 
large indentations, and the ventral rim has only a few slight ones near the rostrum. 
The wi<le, straight, undivided sulcus opens out widely on the frontal rim and ends 
rounded at about three-fourths of the length of the otolith, tapering down on the 
dorsal side near the end. The ventral side slopes down very gradually nejir the 
opening, so that the form of the sulcus is not very distinct, but it becomes more so 
near the and. 

The left otolith of the 93-cin, eel (PI JI. fig. 11) is very elongated ; the dorsal rim 
is very slightly curved, the ventral rim is .straight for about half the length of tlie 
otolith and oblique till the posterior rim. The posterior rim fcu’ms a blunt poii.t 
with a small protuberance below sepaiated by a notch. The rims have very slight 
indentations. The antirostrum and rostrum are laigo and obtuse. An excisin e is 
present. The oblique, narrow, undivided sulcus opens out on the dorsal side of 
the rostrum and ends on the notch on the posterior rim. 

The right otolith (PI. II. fig. 1 2) is less elongated ; the dorsal and ventral rims are 
curved and the posterior rim ends in a point. The dorsal rim is serrated nearly all 
along, and there are indentations on the posterior and a smaller one on the ventral 
rim. The antirostnim is fairly large and forms a sharp point, and the rostrum is 
comparatively small and blunt. An excisure is present. The sulcus is narrow, but 
wider than in the left otolith, opening widel}^ on to the frontal rim, covering the 
greater part of it, than tapers down, Incomes narrow, and ends rounded near the 
Paoo. Zool, Soo. — 1930, No. LXIX, 69 



1074 


BB. A. a. HOBBTOLD ON THB OTOLITUS OF 


posterior rim. Like the left otolith it is undivided, bub it is curved and slightly 
oblique. 

The left otolith of the 91-cm. eel (Pi. III. fig. 13) is elongated ; the dorsal and 
ventral rims are curved and the posterior rim is rounded. Both the dorsal and 
posterior rims are serrated, and there are two slight indentations on the ventrsl 
side of the rostrum. There is neither antirostrum nor excisure, and the rostrum 
is very large and obtuse, the indentation giving it a slightly irregular aspect. The 
sulcus is undivided, very wide and straight, with an opening covering the greater 
part of the frontal rim, ending rounded at about three-fourths of the length of the 
otolith. On the ventral side the sulcus is very shallow, sloping down gradually, 
but the contour is fairly distinct. 

Tlio right otolith (PI. HI. fig. 14) is elongated ; the dorsal rim is curved and 
seriated, the ventral rim is also curved, and the posterior rim is rounded. The 
antirostrum fortns a small protuberance, the rostrum is large and forms a blunt 
point, and an excisure is present. The sulcus is very wide, undivided and slightly 
curved, ending at about three-fourths of the length of the otolitli, and, as in the 
left otolith, the opening covers the greater part of the frontal rim. 

The left otolith of the 90-cm. eel (PI. 111. fig. 15) is very elongated ; the dorsal 
rirn is slightly curved, with large indentations, the ventral rim is curved, and the 
posterior rim is much indentated, ending in a protubemnce. Both the antirostriim 
and rostrum are very large and form blunt points. The excisure is huge and forms 
a right angle between them. The sulcus straight, very shallow, wide, and opens 
very widely on to the frontal rim, ending rounded at about three-fourths of the 
length of the otolith. 

The left otolith (PI. TIT. fig. 16) is even more narrow and elongated ; the dorsal 
and ventral rims are slightly curved and the posterior rim is rounded. Both the 
dorsal and posterior rims are serrated. Both tlie rostrum and antirostrum are 
large and very pointed. The excisure is very large, forming a right angle between 
them as in the left otolith. The sulcus opens out very widely on to the frontal rim, 
covering the greater part of it; it is undivided, straight, and ends rounded at about 
three-fourths of the length of tlie otolith. The ventral side is very shallow, so 
that t^ie end is not very distinct. 

The left otolith of the 89-cm. eel (PI. III. fig. 17) is elongated; both the dorsal 
and ventral rims are curved and tlie posterior is llattened, with three small pro- 
tubarauces. There .are a few indentations on the dorsal and ventral rims. The 
antirostrum is small and very pointed ; the rostrum is large, and forms a blunt 
point. The excisure is large, and forms a right angle between the i-ostrum and the 
antirostrum. The sulcus opens out fairly widely on to the frontal rim ; it is 
straight, undivided, shallow, and eud.s in a point near to the posterior rim. 

The right otolith is more elongated (PI. III. fig. 18), and the form is very similar 
to that of fig. 15 ( PI. HI.), wliich represents the left otolith of the 90-cm. eel. Both 
the dorsal an<l ventral rims are slightly curved, and the posterior rim ends in two 
small protuberances and has various indentations. The dorsal and ventral rime 
have also a few indentations. The antirostruin is large and forms a blunt }X)int, 
the rostrum is also very large, forming a blunt point, and the excisure forms a right 
angle between them% The long, straight, undivided sulcus opens out widely on to 
the frontal rim ; it is very shallow, and ends rounded near the posterior rim, but 
a little further off than in the left otolith. Owing to its shallowness the end is 
not very sharply defined. 

The left otolith of the 88-cm. eel (Pl« III. fig. 19) is elongated; the dorsal and 
ventral rims are very curved and the posterior rim ends in a point. There are 
small indentations on all the rims, and a deep notch on the dorsal rim. The anti- 
ixMstrum and rostrum are large, the first sharply pointed and the second rounded, 
and the excisure forms a right angle between them. The wide, undivided, slightly 
oblique sulcus opens out on to tbs dorssl side of tbs rostrumi ending rounded at 
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about three* fourths of the length of the otolith. The sulcus is very shallow, 
especially on the ventral side, and the end is not very distinct. 

The right otolith (PI. lY. hg. 20) is elongated ; both dorsal and ventral rims are 
very curved ; the dorsal rim has a deep notch, and the posterior rim is rounded, 
with slight indentations. Both the rostrum and the antirostrum are large and 
obtuse. The excisure forms an angle of 75^ between them. The wide, straight, 
shallow, undivided sulcus opens out on to the dorsal side of the rostrum fairly widely, 
ending rounded at about two-thirds of the length of the otolith. The ventral side 
of the sulcus is very shallow and the form is not vei*y sharply defined. 

The left otolith of the 85-cm. eel (PI. IV. fig. 21) is elongated ; both the dorsnl 
and ventral rims are curved and the posterior rirn ends in a protuberance. The 
antirostriim is large and forms a sharp point with a notch below, the rostrum is 
large and fiattefied, and the excisure forms a right angle between them. The 
sulcus is narrow, oblique, opening out not very widely on to the dorsal side of the 
rostrum and ending in a point quite close to the posterior rim ; the ventral side is 
shorter, and the contour is indistinct just after the opening, till two-thirds of the 
length, then becoming deeper, gradually tapering till near the end when there is 
a constriction, and the sulcus becomes quite fine. It is not divided into ostium and 
cauda. 

The right otolith (PI. IV. fig. 22) is elongated ; both the dorsal and ventral rims 
are curved and the posterior ends in a protuberance. All the rims Jiave slight 
indentations. 'J'he antirostrum is flattened and divided by a notch, the rostrum is 
large and pointed, and the excisure forms a right angle between them. The 
narrow, curved, undivided, oblique sulcus opens out widely on to the frontal rim, 
covering tlie greater part of it ; it tapers down soon after opening, becoming very 
narrow, and ends on the posterior rim not very distinctly. 

The left otolith of the Bl-cm. eel (PI. IV, fig. 23) is elongated ; both the dorsal 
and ventml rims a\ e curved, and the posl/erior rim ends in a tiattened protubenince 
with a notch above and a slight one below. The antirostruin is small and 
flattened, and the rostruui is very large and obtuse. An excisure is present, and 
the antirostrum and rostrum form an angle of about 130“. The wide, straight, 
undivided sulcus opens out very widely on to the fi'ontal rirn, covering the greater 
part of it, and ends rounded at about five-sixths of the length of the otolith. 
The ventral side of the sulcus is very shallow, sloping down very gradually so that 
the contour is not very distinct. 

The right otolith (PI. IV. fig. 24) is elongated ; both the dorsal and ventral rims 
are ourvetl, and the po.sterior rim is rounded, with a small point above the centre. 
The dorsal and ventral rims have some slight indentations. The antirostriim is 
very small and rounded, and the rostrum is large and obtuse. The excisure is very 
large, forming an angle of about 125® with the antirostrum and rostrum. The 
wide, straight, undivided sulcus opens out very largely on to the frontal rim, and 
ends rounded at about five-sixths of the length of the o|plith. Tim ventral side of 
the sulcus is very shallow, and the contour is not always distinct. 

The left otolith of the 77-cin. eel (PL IV. fig. 25) is elongated ; both the dorsal and 
ventral rims are curved, with slight indentations. The posterior rim ends in a 
protuberance. The antirostrum is large and pointed, and the rostrum is large and 
obtuse. An excisure is present, forming an angle of about 80® between them. The 
wide, undivided, slightly undivided sulcus opens on to the dorsal side of the 
rostrum, and ends rounded close to the posterior rim. The ventral side of the 
sulcus is very shallow and the contour not very distinct. 

The right otolith (PL IV. fig. 26) is less elongated ; both the dorsal and ventral 
rims are curved and the posterior rim is rounded. Both the dorsal and posterior 
rims are serrated and the ventral has practically no indentations. The excisure 
forms nearly a right angle between the antirostrum and the rostrum. The very 
wide/ nearly straight, undivided sulcus opens out widely on to the frontal rim, and 
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ends rounded at about three-fourths of the length of the otolith. Owing to the 
shallowness of the yentral side of the sulcus, part of the contour is not distinct. 

There seems to be in some cases a certain likeness in the irregularities in both 
otoliths, such as that of the notch on the antirostruiu or in the form, such as in 
figs. 5 and 6 and 15 and 16 (Pis. I. & 111.), which represent the otoliths of the 99-cm. 
and 2110-gr. and 90-cm. eels. By comparing the figures it is easy to find various 
other examples. 

Mr. G, Allan Frost found that some otoliths of large eels had a distinctly 
clupeoid type, and the drawings of many of the otoliths correspond to his descrip- 
tion of the clupeoid type (Pis. I.-IV. figs. 1, 2, 7, 9, 10, 15, 16, 1 7, 18, 19, 20, 21, 25, 
and 26). Rostrum, antirostrum, and excisure present, the sulcus wide and open, 
undivided or with a slight angle of lower line. 

It is, as far as I know, the first time that otoliths of the eel (AnguUla vulgaris 
Turton) from Northern Africa have been described, and I think that this paper 
proves that their otoliths show as much variation as do those of the eel in 
European waters. 

Mr. G. A. Frost, F.Z.B., who kindly initiated me into the morphological study 
of the otoliths, gives the following description of the otolith of the adult eel : — 

** In the adult eel the form is elongated, the dorsal rim curved or straight, the 
ventral rim is slightly curved, the posterior rim is usually pointed, and the front 
consists of a rostrum, antirostrum, and an excis\ire. The sulcus opens widely 
on to the frontal rim, and the cauda, which is usually narrow, may be curved or 
straight. In some cases the sulcus widens out, and is not divided into ostium 
and cauda. The sulcus does not reach the posterior rim.'’ 

There is considerable differentiation in the form presented in the otolith of 
adult eels. The utricular and lagcenar otoliths are very small in comparison with 
the sagitta. 

In comparing the figures of the 26 otoliths belonging to 13 Silver female 
Eels from 77-101 cm. long, we can observe a very considemble difierentiatioii 
in their form or in that of the sulcus, or in both. The normal type is rare, and 
in none of the otoliths is the sulcus divided into an ostium and cauda. No two 
otoliths of the same eel are identical, but all have greater or lesser differences in 
the form or in that of the sulcus, or in both. I only give a few examples. 

The left and right otoliths of the 101-cm. eel are similar, but in the left otolith 
the antirostrum is fiattoned, the rostrum rounded, and the posterior rim forms 
a rounded protuberance. In the left otolith the antirostrum forms a sharp point, 
the rostrum is obtuse, and the posterior rim foi’ins a point. (PI. I, figs. 1 & 2.) 

The otoliths of the 99-cm. and 1620-gr. eel offer another example. In the left 
otolith the antirostrum forms a blunt point, the I'ostrum is rounded, and the 
posterior rim forms a point. In the right otolith the rostrum is barely indicated, 
the rostrum obtuse, and the posterior rim is rounded. In the right otolith the 
sulcus is much more curved than in the left. (PI. II. figs. 7 & 8.) 

The otoliths of the 93-cm. eel are very curious, and the form of the anti- 
rostrum, rostrum, dorsal, ventral, and posterior rims all differ. The dorsal rim of 
the left otolith have few indentations, but that of the right one is serrated. In 
the left otolith the. sulcus opens out narrowly on to the dorsal side of the rostrum 
and reaches the posterior rim, but in the right otolith the opening covers the 
greater part of the frontal rim, and the sulcus does not reach the posterior rim. 
(PI. II. figs. 11 & 12.) 

A very curious case is that of the otoliths of the 85>om. eel. The antirostrum 
forms a point in the left otolith and is flattened in the right. In both otoliths the 
antirostrum has a small notch, in the left otolith below the point and in the right 
the notch divides the flattened antirostrum. In the left otolith the rostrum is 
obtuse and in the right pointed. The form of the sulcus differs also. (PI. lY. 
fig8.21<k22.) 
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EXHIBITIONS iND NOTICES. 

October 2l8t, 1930. 


Pi*of, E. W, MaoBkide, M.A., P.R.S., Vice-President, in the Chair. 


The Seobbtaby read the following Report on tlie Additions to the Society's 
Menagerie during the mouths of May, June, July, August, and September, 
1930 


May. 

The registered additions to the Society's Menngerie during the month of May 
were 648 in number. Of these 146 were acquired by presentation, 392 were 
purchased, 37 were deposited, 17 were received in exchange, and 66 were born in 
the Menagerie. 

The following may be specially mentioned : — 

A Pigmy Hippopotamus, J (Cheer opaia liberienaia), born in the Gardens on 
May 10th. 

8 Spotted Deer (Axis axis) and 14 Blackbuck (Antilope cervicapm)thom India, 
and 5 Persian Gazelles (Gazella suhgutturosa)^ from Persia, presented by Alfred 
Ezra, Esq., O.B.K., F.Z.S., on May 12th. 

1 Californian Sea-Lion (Zalophua cedifomianus), born in the Gardens on Mij^’ 
23rd. 

1 Southern Elephant-Seal (Mirounga leonina\ from the Falkland Islands, 
presented by G, A. S. Bennett, Esq., on May 27th. 

1 Banksian Cockatoo (Galyptorhynchm hanksii)^ from Australia ; 2 Bpix's 
Macaws (Gyanopsitta spixii)^ from Bahia, and 1 Rose-crested Cockatoo (Kakaioe 
moluccenax^^ from Ceram, presented by The Marquess of Cholmondeley, F.Z.S., on 
May 30th. 


June, 

The registered additions to the Society’s Menagerie during the month of 
June were 668 in number. Of these 294 were acqui;*ed by presentation, 282 
were purchased, 27 were deposited, 25 were received in exchange, and 30 were 
bom in the Menagerie. 

The following may be specially mentioned : — 

1 Topi Antelope '(Damaliacua korrigum topi)y from Uganda, presented by Sir 
William F. Gowers, K.O.M.G., on June 7th, 

2 Tmrs (Felia tigria), from India, presented by Mr, & Mrs. A. G. Glenister on 
June 27th. 

An important collection of Mammals including a Hardwick’s Civet-Cat 
(ffamigahia hardwickii)y Birds, and Reptiles, from the Federated Malay States, 
presented by A. Bt. Al^n Smith, Esq., F.Z,S., on June 27th. 

S Wdiverinea (Gulo gulo)y from Finland, purchased on June 30th. 
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July. 

The registered additioos to the Society’s Menngerie during the month of 
July were 260 in luimber. Of these 57 were acquired by presentation, 52 were 
purchased, 31 were deposited, 13 were received in exchange, and 107 were born 
in the Menagerie. 

The following may be specially mentioned : — 

1 Cheetah (Acinonya: fubattts)^ from Kenya, presented by G. 8. Cooke, £sq., on 
July 5th. 

1 Female Chimpanzee (Pan saiyrm), from the C.imeroons, presented by A. A. 
Haserick, F.Z.S., on July 5th. 

1 Grevy’s Zebra (Eqam grevyi), born in the Menagerie on July 15th. 


August. 

The registered additions to the Society’s Menagerie during the month of 
August were 361 in number. Of these 261 were acqtiired by presentation, 
37 were purchased, 28 were deposited, 15 were received in exchange, and 20 wei-e 
born in the Menagerie. 

The following may be specially mentioned : — 

A large and valuable collection of Mammals, Birds, and Reptiles, many of 
which are new to the Collection, presented by A. St. Alban Smith, Esq., F.Z.S. 

2 Duyvenbode’s Lories (Chalcopsiita dugrmbodei), from New Guinea, purchased 
on August 2nd. 

1 Black-crested Eagle (Lophaelus occi^dlalis), from the Ituri forest, presented 
by H. Akroyd, Esq., on August 8th. 

2 Saddle-billed Storks (Ephippiorhynchiis seuegalensh), from Sudan, purchased 
August 20th. 


September. 

The registered additions to the Society’s Menagerie during the month of 
September were 261 in number. Of these 83 were acquired by presentation, 
88 were purchased, 48 were deposited, 2 were received in exchange, and 50 were 
born in the Menagerie. 

The following may be specially mentioned : — 

An Anoa (Anoa depreBstcomia)^ born in the Menagerie on September 10th. 

A Mongolian Wild Horse (Equua caballua przewalskii), born in the Menagerie 
on September 14th. 

A Babirussa (Babirussa habiruasa)^ from Celebes, purchased on September 
20th. 

3 Lion Cubs (Falia fee), born in the Menagerie on September 23rd. 

A White cheeked Gibbon (Ilylobatea laucogmya\ from Hainan, purchased on 
September 30th. 

A Wilson’s Bird-of-Paradise (SchUgaUa mlaoni)^ a Magnificent Bird-of-Poi-adise 
(Diphf/Uodea magnijicua magnificua\ and a Papuan Frogmouth (Podan^gua papumaia)^ 
all from New Guinea, purchased on SeptemW 20th. 
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Dr. W. T, Oalman, F.B..S., F.Z.S., on behalf of Miss 8. M. Maittox, M,A., 
Ph.D., exhibited a photograph of a living Anaspides iasmmdm starting to swim, 
showing the metachronial rhythm of the ^eopods. When swimming the pleopods 
beat in series with one another, but at different phases, the rhythm passing from 
behind forwards. In the accompanying pliotograph the first pair of pleopods are 
about to commence the backward stroke, while the second and third pairs are at 





Pboto£fraph of a living^ taamanisB startirg to Rwim, showing the metaohronial 

rhythm of the pleopods. (Enlarged about X 1’4.) 

different phases, those behind having completed more of the backward stroke than 
those in front. The fourth and fifth pairs of pleopods show progressively advancing 
phases of the beat, the fourth being in the middle of the forward stroke while the 
fifth pair is almost ready to start the backward stroke agtiin. 

I'he normal position of rest of the pleopods is shown in plate ii. page 791 
(Miinton, S. M., “ Notes on the Habits and Feeding Mechanisms of Anaspidts and 
ParanaapideSy' P. Z. 8. 1930, p. 791), ^ 

Prof. T. Thomson Flynn, D.Sc,, exhibited, and made remarks upon, a unique 
collection of embryonic developmental material from the Echidna {Tacliyglossm). 


November 4th, 1930. 

Prof# E. W. MacBridb, M.A., F,R,S., Vice-President, in the Chair. 

Mr. W« B# Cotton, F.Z.8., exhibited, and made remarks upon, the ears 

and molars of an African Elephant. 
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The Sbgbbtaby exhibited, and made remarks upon, a series of photographs of 
African Elephants taken by Mr. M, A. Wetherall in the Belgian Congo. 


Mr. J. B. Nohman, F.Z.S , exhibited, and made remarks upon, photographs of 
a living Shark with a Bemora attached. 


Mr. E. G*. Boulgnqer, F.Z.S., exhibited, and made remarks upon, (1) a red 
variety of the Common Lobster, and (2) some eggs laid in the Society's Aqunrium 
by a Sea-Snake {Laticauda coluhrina). 


November 18th, 1930. 

Sir Arthur Smith Woodward, LL.D., F.B.S., Vice-President, in the Chair. 

The Secretary read the following Beport on the Additions to the Society's 
...Menagerie during the month of October, 1930 : — 

The registered additions to the Society's Menagerie during ttie month of 
October wore 144 in number. Of these 91 were acquired by presentation, 4 were 
purchased, 20 were deposited, 10 were received in exchange, and 19 were born in 
the Menagerie. 

The following may be specially mentioned : — 

A Wild Boar, ? {Sm acrofa)^ from Iraq, presented by J. W. Allcard, Esq., on 
October 13th. 

A Cape Buffalo, 6 (Syncerus caffer\ born in the Gardens on October 33th. 

A collection of Bodents, from Canada, including American and Prairie 
Marmots, Canadian Porcupines, and Fox-Squirrels, presented by the Toronto 
Parks Committee on October 27th. 

2 White-fronted Sbeld-Ducks (Casarca cana\ from South Africa, presented by 
H.M. Office of Works, on October 3rd. 

9 Jobi Island Ground-Doves {Gallicolumba johienna), new to the Collection, 
from Jobi Island, recei\ed in exchange on October 16th. 


The Secretary exhibited, and made remarks upon, a photograph of a House- 
Sparrow (Paaaer domeaticua Linn.) with an abnormal growth of beak. 


Prof, B. T. Leipbb, D.Sc., M.D., P.B,S., F,Z,S., exhibited a series of lantern- 
slides illustrating Helminth infection in the brain of Man. 


Dr. F. A. Bather, F.B.S., F.Z.S., made remarks upon, and gave a general 
reaurni of the Besolutions on Zoological Nomenclature passed at the Zoological 
Congress at Padua, 1930. 


[Preoeedings, 1930, Part III. (pp. 540-848), was published on 
October OOnd^ 1980.] 
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[New names in clarendon type. Systematic references in italics, 
(z. e. L.) indicates additions to the Society's Menagerie.] 


Abrana, gen. n., 898. 

cotti, Bp. n.., 898. 

Ahr(mm affinis, 668 . 

aUnmipercUiariat 608. 

eaataneoceps, 668. 

flavwentris, 568. 

poligenya, 608. 

achiaticepa, 668. 

achiaticepa, 668. 

aupercUiariaf 668. 

scUwinenaiat 668. 

aupercUiaris, 668. 

xarUhoachiatoa, 668. 

AoatUhopmuate Ittgubria, 668. 

magniroatria, 668. 

nUidtia, 668. 

nitidua, 668. 

occipitalia, 668, 

regtihidea regidouka, 668. 

trochUoideaf 568. 

trochiloidea, 668. 

AcarUhylia nudipea, 696. 
Accentor dltaicua, 674. 

hdmalayanua, 574. 

immaculatiia, 674. 

nepalenaia, 674. 

rnpcdenaie, 674. 

rtd)eculoidea, 574. 

— atfophAotuBt 
AccapHer 604. 

mdano(MatuSf 604. 

virga^ua, aOi, 

604. 

beem, 604. 

AoaroB nepQlmai8f 698. 

698. 

Pbqo* Zqol* Soo. — 193Q. 


AciiMnyx jvbatua (z. s. L.), 1078. 
Acridotherea fuacua, 654. 

ginginianua, 554. 

triatia^ 564. 

AcrocephaLua anmdinacetta orientaliat 
566. 

bnmneaeena, 666 , 

dumetomm, 666. 

orientalia, 666. 

atenU)re%ia9 666, 

brunneacena, 666. 

Actinodura egertoni, 680. * 

egertoni, 580. 

nipaUmaia, 680. 

ActUia glareola, 612. 

hypoleucoa, 612. 

ochropua, 612. 

Adelura ccertdeooephcda, 672. 

^gialitia alexandrina, 614. 

oanliantMT, 614. 

dvbio, 614. 

mongoUca, 614. 

phUipper^a, 614. 

pyrrothorax, 614. 

ABgithaliacua concinnua iredalet, 664. 

erythrocephalua, 664. 

ioachiatoa, 564. 

niveoguiaria, 564. 

ASgUhma tiphia, 682. 

tiphia, 682. 

Mgypiua monachus, 582. 

JEmdon chicquera, 606. 

ASthdlochora ctahmoUana, 689. 
ASMopaafuacuafuacua, 664» 
Mdu)pygagoaMiaB, 560. 

^rttotnaia^ 660. 
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JBthopyga mttea^ 660. 

nepdUnsiBf 560. 

nipalmtiia nipalenaia, 560. 

eaturaia, 660. 

saturataj 660. 

aeheruB, 560. 

8ipa/r€^a aehericB, 660. 

Aethorynehna lafresnayi, 582. 
Agrodroma campeairia, 560. 

aordida, 560. 

Agropaar atuminua, 562. 

Alauda arvenaia, 558. 

duldvox, 668. 

gtdgula, 668. 

gidgtda, 656. 

trihorhyncha, 558. 

Alcedo aUhia hengoLmaiat 508. 

bengcdenaia, 698. 

iapida, 698. 

Alcippe nepalenaia nepalenaia, 580. 

nipalenaia, 680. 

phceocephala, 680. 

~ potocephala, 680. 

poioic€^5a2a, 680. 

Alcurua atriaiua, 584. 

Alecloria grasca chtdcar^ 620. 

AUotriua cenobarhua, 582. 

Alaeonax ferruginetia, 586. 

hairoatria, 688. 

pooenaia, 588. 

ruficavdua, 688, 

Alaocomua elphinaUmii, 620. 

hodgaonU, 620. 

ptUchricoUia, 620. 

puniceuay 620. 

Alytea dbatetricanay 845. 

Amandava amandava, 566. 
Amauromia akool, 618. 

cdsool, 618. 

fuacua, 618. 

fuacua, 618. 

— phoeniourua, 618. 

phomusuma, 618. 

Afi^Hilicepa coronatua, 552. 

Anaa acuta, 610. 

acuta, 610. 

anguatiroatria, 608. 

boaeaa, 608. 

creoca, 608. 

pendope, 608. 

plUxtyrhyncha, 608. 

pkiiyrhynchoapki^fiyndwa, 608. 

pcaciiorhyncha 608, 


Anaa poacUcrhyncha ptaoUorJiyncha, 608. 

querguedula, 608. 

Anaapidea tcumanica, 791, 1078. 
Anaatomua oaoUana, 610. 

AnMnga rneiUmogaater, 608. 

Anoa dcpreaaicomia (z. 8. L.), 1078. 
Anorthura n^paXcnaia, 574. 

Anaer anaer, 608. 

cinereua, 608. 

ferua, 608. 

indicua, 608. 

Anthipea mcnUeger, 688. 

moniteger, 688. 

0 uhmonilegeT, 688. 

aubmcniUger, 688. 

Anthracoceroa cdhiroatria, 698. 

mdkdHanciia mdlobaricua, 698. 

Ardhropoidta Virgo, 612. 

Anthua campeatria, 560. 

campeatria, 560. 

cervinua, 560. 

hodgaoni hodgaoni, 660. 

maculatita, 560. 

nilghirienaia, 660. 

— richardi, 660. 

godhwaHi, 660. 

richardi, 560. 

rufidua, 660. 

gtriolatua, 660. 

roaaceua, 660. 

roaeatua, 560. 

rufulua, 560. 

aimiUa, 660. 

aordidua jerdoni, 560. 

atriolatua, 560. 

trwkdia, 560. 

trivialia, 560. 

Antigone antigone antigone, 612. 

Antilope cervicapra (z. s. L.), 846, 1077. 
AquUa btfaaciata, 604. 

chryaa'dtoa, 604. 

daphanea, 604. 

olanga, 604. 

ftdveacena, 604. 

hdiaca, 604. 

hdiaca, 604. 

imperiaUa, 604. 

maculata, 604. 

noarra, 604. 

nipaUnaia mpaHmaia, 604. 

— ~ rapax fdndhiaina, 604. 
’-—^vmcEhikma, 604. 
4taaAne9Mii6€wMm| 660, 
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AfwhnaMimfiai^^ 562. 

AaM62«^660. 

Io«ema»660. 

mmimat, 660. 

zeyUmiica, 560. 

AradmoUiera magna, 562. 

magna, 562. 

Arhorophila brunneipectua, 622. 

brtinneopectua brunneopectug, 622. 

TvflgaUma, 622. 

rttfoguUms, 622. 

— rujogtdaria, 622. 

torgueda, 622. 

— torqueoia, 622. 

viacvoTua bonapartei, 574. 
^rc^fon iachyroB, 1058. 

^fKiea dnerea, 610. 

recdroatria, 610. 

rnamUenaia, 610. 

pttrpu/rea, 610. 

mamtUnBia, 610. 

auma^na, 610. 

aumatrana, 610. 

Ardeda groiyii, 610. 

leucoptera, 610. 

Ardetta dnnamomea, 610. 

flavicoUia, 610. 

mtnuto, 610. 

ainenaia, 610. 

Argya ccMdata, 578. 

caudata, 578. 

earUi, 578. 

bmgiroatria, 578. 

maJcdmi, 578. 

Arrhenurus iniquus, sp. n., 925. 

procerus, sp. n., 923. 

Artamaa fuacua, 566. 

AHhroleptia atenodadylua, 899. 
Arundinax atidon, 566. 

cUvaceua, 566. 

Aaarcomia aouitilaiua, 608. 

Aacomia acutuUOua, 608. 

Aaio euxyipiiTinua, 600. 

Jkammeuat bOO* 

o*itf,600. 

cbua, 600. 

Aatuir badiiua, 604. 

— — duaauimkri, 604. 

gendUa aehvedowi, 604. 

(Lojdiaapiaa) trwirgakaa, 604. 

-—•■‘paikimbariiia, 604. 

— 604. 




Athene brama, 602. 

brama, 602. 

oaeuloidea, 602. 

rnakibarioa, 602. 

radiata, 602. 

Aana aana (z. s. l.), 1077. 
Ayihyaferina, 610. 

— nyrooa, 610. 


Babinuaa babintaaa (z. s. i..), 1078. 
Balrachoatamua hodgaoni, 600. 

javenaia hodgaoni, 600. 

moniUger, 600. 

Baiya leuphotea lemphotea, 606. 

lophotea, 606. 

Bhringa remifer, 554. 

te4Stwo8tria, 564. 

Blyihipieua pyrrhotia pyrrJioUa, 592. 
Botaurua ateUaria, 610. 

atdlaria, 610. 

Bradtypodeua poiocephalaM 684. 
BtadiyjAernua ouranHua, 592. 

henghodenaia benghalenda, 592. 

Brachypteryx cruralia, 570. 

majfjT major, 670. 

nipdUnaia, 670. 

rufiventria, 670. 

Branta rttfina, 610. 

Brevicepa moaaambicua, 905. 
Briania hodgaoni hodgaoni, 586. 
Bvbo bengalenaia, 602. 

6m6o bengodenaia, 602. 

coromandaa, 602. 

coromandiut, 602. 

nipalenaia, 602. 

Btdndcua coromandua, 610. 

ibia coromandua, 610. 

Buda athertoni, 598. 

Budytea dtreda, 560. 

viridia, 560. 

Bufo regtdaria regtdaria, 905. 
Buphfua coromandua, 610. 

Burhinua oadienemua indioua, 6] 2. 
Buiaaturindicua, 604. 

ffl6«o,604. 

Buteo buteo vfdpinua, 604. 

caneacena, 604. 

deaertofum, 604. 

ferox, 604. 

ferox, 604. 

—— rt^ftnua rttfinua, 6O4. 

604. 

a 
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Buk)ride8javanicua, 610. 
Hriaiua ja/oanicuB, 610. 


Caceabis ekwxu% 620. 

— chukoTt 620. 

Ccu^omantia meruUntia, 694. 

pctaaerimiat 694. 

quertUtiB, 694. 

pwaerinuB, 694. 

CaUsncta nicobarwa, 620. 

Caiandrella brachydac^la, 668. 

— dtikhuneneis, 668. 

duhhunensia, 668. 

Ccdddria cdpina alpma, 614. 

minuta mmvJta^ 614. 

temmi/Mddit 614. 

CaXLialcyo/n UUwina, 600. 

Calliope calliope^ 672. 

■■■ — camtediaikensis, 672. 

kamachatkenais, 672. 

peetoralia, 672. 

peetoralia, 672. 

Calobatea atdphurea, 660. 

Calomia chalyhieua, 664. 

Calyplomena viridia, 690. 

continentia, 590. 

Calyptorhynchua bankii (z. s. L.), 1077. 
Oaimpophaya mdanoptera, 686. 

fn/darutachiata, 686. 

aykeai, 686. 

CapeUa gallinago gaUiriago, 614. 

nemoricola, 614. 

aolitaria, 614. 

atenura, 614. 

Caprimvlgua albonotatua, 696. 

aaiatieua, 696, 

indictia, 696. 

indicua, 696. 

macTOur%ia, 696. 

albonetaiua, 696, 

nipedenaia, 696. 

maontma, 696. 

— albonotaiua,'965. 

nipalenaia, 696. 

mahraitenaia, 698. 

— monUcola, 698. 

manliooUta, 698. 

fnonUeolua, 698. 

Caromeutea pukhetlua, 600. 

pulckeUua, 600. . 

Pardueiia eanieepa, 656, 


Otardudia canieepa canieepat 666. 
Oarine hrama brama, 602. 
Oarpodacua erythrmua, 666. 

roaeatua, 656. 

Carpophaga amea, 618. 

inaignia, 618. 

aylva/ticct, 618. 

Cctaaroa cana (z. s. L.), 1080. 

ferruginea, 608. 

leacoptera, 608. 

rtOila, 608. 

Catreua waUichii, 624. 

Oenftopva bengalenaia, 696. 

bengalenaia, 696. 

rufipennxa, 696. 

ainenaia, 696. 

— parroti, 696. 

ainenaia, 596. 

Cepltadopyrtiaflainmicepa, 564. 
Cerchneia nattmanni pekinenaia, 608. 

tinnunculua inter atinctaa, 606. 

objurgatua, 606. 

tinnunculua, 606. 

Oercocebua, 700. 

Cercomelafuaca, 570. 

Cercojrithecua, 699, 

Ceriomia mdanocephoda, 622. 

aatyra, 622. 

Certhia diacdor, 662. 

diacolor, 562. 

familiaria hodgaoni, 662. 

nipalenaia, 662. 

himalayana, 662. 

hodgaoni, 662. 

nepaUnaia, 662. 

nipalenaia, 662, 

Oeryle guttata, 698. 

guttulaia, 698. 

Vugubria, 698. 

rudia, 698. 

leucomdanura, 698. 

varia, 698. 

Oeyx erithaca erithaea, 698. 

tridactyla, 598. 

tridaclylua tridactylua, 698. 

Chomorrornia teueocephaia, 672. 
Ohoatura nudipea, 696. 
Chaimarrhornia kucocephala, 672. 
Ohahitea maeutatua nuundatua, 694. 

694. 

OhaleopariaphcemeoHa, 660. 

^ — aingedmaia amgalenaia, 660. 
QhaUsophapa indaea^ 620, 
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ChatcophapB indica indioci, 620. 

indicius, 620. 

ChaieopaiUa duyvenbodei (z. s. L,), 1078. 
Chaptia omea, 554. 

(mea, 654. 

Charadrma akxcmdrinus seebohmi, 614. 

duinua jerdoni, 614. 

fulvus, 614. 

longipea, 614. 

OhcUanrhoBa caudata, 578. 

eoTlei, 578. 

Chaidekutmtie atreperus, 608. 

Chdidon lagopua, 588. 

nepalenaia, 588. 

nipdlenaia, 588. 

Chdidorhynx hypoxanthvm, 588* 
CheUuaia gregaria, 614. 

mornaktf 614. 

leiucurat 614. 

Chibia hoUentoUa, 554. 

hoUentoUa, 564. 

GhiromarUia xerampelina, 899. 
Chlamydotia undtUata niacqueenU, 612. 
Chlmaaicua ruficepa, 582. 

ChUdoniaa leucopareia indica, 616. 
Chloropaia aurifrona, 582. 

aurifrona, 682, 

dcmdaoni, 682. 

hardwickii, 582. 

hofdwickii, 582. 

jerdoni, 682. 

mdlabarica, 582. 

viridia zoateropa, 682. 

zoateropa, 682. 

Chcaropaia liberienaia (z. s. l.), 846, 1077. 
CharioUa nigricepa, 61 2. 

Chryaocoocyx hodgaoni, 594. 

maeid(d^ 694. 

xcmthorhynclvua, 694. 

ChryaocoilapUa featioua, 594. 

goenaiat 594. 

gifUacriataiua guttacnakUua, 592. 

auUaneua, 694. 

gutticriakUua, 692, 594. 

auUanaua, 594. 

Chryaomatfia apmoidea, 

Ohryaonoiua ahorei, 592. 

Ohryaophiegma cMordlcphua, 592. 

ekorciophua, 592. 

JUamnueha, 692. 

— jUmnuehot 692. 

doowMcdba^ 610. 

>— oioofMa oioomo, 610. 


Ckoma leucocephala, 610. 

rUgra, 610. 

Cmoiua aaiaUcua, 574. 

paUaaii tenudroatria, 674. 

CircaiPua gaUicua, 604. 

Circua carugmoaua, 604. 

aarugmoaua, 604. 

cmenracma, 604. 

cyofneua, 604. 

cyanma, 604. 

macrouTua, 604. 

melanoleucoa, 604. 

mdandleucua, 604. 

pygargua, 604. 

atvainaoni, 604. 

Cirrepideamua mongolua cUrifrone, 614. 
Ciaaa chinenaia, 552. 

Mnenaia, 552. 

ainenaia, 662. 

Ciaticda curaitana, 566. 

juncidia curaiiana^ 566. 

achcBnicola, 666 . 

CiUocinda macrura, 572. 

Clamator corornandvs, 594. 

jacobinua jacobmua, 694. 

Cobboldia elephantia, 683. 

loxodonlia, 684. 

Coccyatea coromandw, 594. 

jacobinua, 594. 

meUmoleucoa, 594. 

CoMiceUa acuta, 1027. 

Cochoa purpurea, 574. 

viridia, 574. 

Cocytinua gyrinoidea, 882. 

CoUocalia breviroatria, 596. 

Juoiphaga, 696. 

breviroatria, 596. 

nidifica, 596. 

uniojicr unicbhr, 696. 

Cdloateua acutdlatua, 858. 

Columba elphinatonii, 620. 

everamanni, 618. 

hodgaonii, 618. 

intermedia, 618. 

leuconota, 618. 

leuconota, 61 8. 

livia intermedia, 618. 

canaa everamanni, 618. 

pahmbua oaaiotia, 620. 

puichricoUia, 620. 

puniceua, 618. 

Conoatomua amodium, 582. 

Oopayehua aaadaria, 572. 
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OcpsyohuB mMkui9midati$t 572. 
Ooraeiaa affima, 698. 

— — henghcUenaia 598. 

ben^hdlenaia, 598. 

indicaf 598. 

Coraciina maeei moeei, 586. 

— nipalenaia, 586. 

OoTvua eoraas, 562, 

tibetanua, 662. 

coronoidea eulminatua, 652. 

mtermediua, 562. 

lewdUanti, 662. 

kvaiUantU, 662. 

mdimnatuay 662. 

ifUennedvua, 552. 

macrorhynchua, 662. 

apUndena, 662. 

apilendena, 662. 

OoryddUa richardi, 660. 

rvfida, 660. 

adrioUsta, 660. 

Oorydon aumcdranua, 690. 

690. 

OoryUia vemdUa ridyropygiaUa, 600. 

vemalia, 600. 

Ocfythooichla breuiaxuda, 678. 

(7oti2e 688. 

Cotvarmx communis^ 622. 

eoromandelioa, 622. 

— eotumix eotwrmaif 622. 

— — ^"aponiofl* 622. 

ruspe«^, 688. 

ainenaia, 688. 

CfttfiTOfMa aananu, 578. 

Crmigar burmamoua, 584. 

flaueolua, 682. 

tctericua, 684. 

tepfurogenya burnumiciia, 684. 

flavedlua, 682. 

Crooopua phcanicoptemay 618. 

ph4xmcopierua, 618. 

waidifrona, 618. 

CroaaopUUm oroaaopUlon croaaopHlon, 624. 

tiibetanua, 624. 

OrypaifMna euctdkUa, 552. 

variana, 662. 

Crypioehadum ieeryca, 929. 

OrypUdopha qffima, 568. 

bwdpUf 668 . 

oowConeiceiw, 568. 

cimnoeapiUa, 568. 

—^jefdoni, 568. 

pdUogenya, 568. 


Ctypkdopha wanthoaefMa, 568. 

erylArorA^ncftiim erythao- 
rhynohaim, 62^^. 

Oueulua oanorua, 694^ 

—^tdaphonm^ 594, 

himdkiyanm, 594. 

miioropteruat 594. 

mioiroptaruaf 594. 

pdUooephalua, 594. 

poUooapihailua, 694. 

tfonnem^, 594. 

Ctdicicapa oayUmenaia, 688. 

ceyUmenaia, 688. 

CvUcipeta burhU, 668. 

Cunctuna laucogaater, 606. 

Otiraonia oriapifronay 678. 

Curaoriua ooromiomddiouay 616. 

Ofi^ia nipaknaia, 582. 

mpcdenaia, 682. 

Oyaneoula attecica, 672. 

Cyanayla auedoa, 572. 

Cya9M>ptf omo/tca, 690. 

cwui^»co» 690. 

franklmiiy 680. 

fmriMmU, 690. 

rcmaayiy 690. 

ramaayi, 690. 

Cponopm^ (z. s. x..), 1077. 
OyanoayUfia aueoioa auecica, 572. 

avedca aveoica, 672. 

Oygnua oygmta, 608. 

mt4MGU«, 608. 

CynUnrhynekua maerorhynehua maeaorhyn- 
dhua, 690. 

Cymborhynchua tnaororhytudiua, 690. 
CynvpUhecua, 708. 

Cyamia banyumaa, 686. 

hyperythra hyperythra, 586. 

hyperythrua, 686. 

leuoomelanuruay 686. 

fnci0pn«nMfm, 686. 

mekmdleuoa melandleuoa, 686. 

mdarudauoua, 686. 

iMafermomu, 586. 

rvbeoukndaay 686. 

rubeoidaideay 686. 

588. 

aappMrOy 586. 

Mfperoilkim, 586. 

HohekkaHckeUkat 686. 

tu3keUPh58l6. 

••^•^tnodUn^trioaU^ 586. 

CypaOm qffaviay 596. 
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Oyptdus bMaaskngU, 596. 

hmonyx, 596. 

mdbOf 596. 

paeiflcuB^ 596. 

Offpritmta baktnenaia bahmenaia, 596. 


DaJUa acuia, 610. 

acuta, 610. 

DcmaUaeua korrigum topi (z. b. l.), 1077. 
Ddichon nepaknaia, 588. 

mpaUneia, 688 . 

turbica whUekyi, 688 . 

Demiegretta sacra aacra, 610. 

DemigreUa sacra sacra, 610. 

Dcndrohatcs tinctorius, 846. 
Dendrochdidon coronatus, 696. 
JkvdiwiUafronUiUa, 562. 

himcUayensis, 662. 

leucogastra, 562. 

rufa, 652. 

rufa, 652. 

vagabunda, 652. 

sinensis, 562. 

assimiUs, 662. 

himalayenaie, 662. 

Dendrocopus atratus, 592. 

OMriceps, 692, 

cathpharma, 692. 

dcnrjUensia, 692. 

himalagensia, 692. 

Dendrocygna arcuata arouata, 608. 

ewmtree, 608. 

—•^javoMoa, 608. 

mcgor, 608, 

Jkndrofumthus indtcus, 560. 

Dendrcphasaa hicincta bicmcta, 618. 

pcmipadoraaffims, 618. 

phayrei, 618. 

JkndrophilafrontaUa, 564. 

Dendrotreton hodgami, 620. 

hodgaonU, 620. 

Dertnochdys (xmaoea, 1067. 

Diairdigattua diardi, 624. 

Dioasum chiryscrrhmm, 662. 

dwyawMore, 662. 

fftteiMUfn, 562. 

oooomeum, 562. 

eonoolor, 562. 

cruankdum, 562. 

— — cfusrdaitmt, 562. 

^—^igmtfum, 562. 

562 . 


Diccsum erytihacrhynchitm eryihrcrhynohum, 
662. 

erythrorhynehus, 662. 

ignipecttim ignipeetum, 662. 

ignipecSua, 662. 

minirmm, 662. 

mimtUtm conccdor, 662. 

trigoncatigma, 662. 

rubropygmm, 662. 

Dichoccros bicomis, 698. 

bicomis, 698, 

Dicrurua annectens, 554. 

ater, 564. 

balicasaius, 654. 

ccmdescens, 554. 

leucophasua Umgicaudatua, 564. 

mgreacena, 664. 

Umgioaudatua, 564. 

macrocercus, 664. 

albirictua, 654. 

mocrocemtia, 664. 

nigreacena, 664. 

Dinopicua ahorii, 692. 

JHonopium ahorii, 592. 

Diphyllodea magnificus magnificus (z. 8. L.), 
1078. 

jDissemurua paradiaeus, 654. 

grandis, 554. 

nuMHaricua, 664. 

— paradiaeus, 564. 

Diaaoura epiacopa epiacopa, 612. 

epiacopus, 610. 

Drymocharea onuralia, 570. 

nipalenaia, 670. 

Drymoicajerdoni, 570. 

Drymoipua inomatus, 670. 

sylvaticus, 668 . 

JDfyo6ateaatraj«itf, 692. 

— asirioepa, 592. 

cathparius cathpariua, 592. 

cathphariua, 692. 

daryelienaia, 592. 

kimalayensia hvmaiayenaia, 692. 

tnocei atratua, 692. 

westermani, 692. 

Dryonaatea chinenaia, 676. 

leuoogenya, 676. 

cceruletfiitf, 676, 

coanUatua, 676. 

ruftcdUia, 676. 

Ducuda badia insignia, 618. 

«fwt£rnM, 618. 

Dumetiahyperythra,61S, 
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JDupeUirfkwiooUiBf 610. 
flavioolliB, 610. 


Edolma tnalabariout, 554. 

paradiseus, 564. 

Bffrettaalba, 610. 

fforzetta garzeUa. 610. 

imtermedia wiermediot 610. 

EUmuB ecBTuieuB, 606. 

voctfema, 606. 

fMlanopierua, 606. 

Elephantoloamus, gen. n.» 670. 

indicufli^ sp. n., 680. 

Emberiza aureola^ 558. 

fuecUOf 558. 

arcuata, 568. 

icterica^ 568. 

ItUebla, 668. 

nemoricola. 568. 

nemorioola, 568. 

pusitta, 668. 

— aUwartif 568. 

Emyda granoaa ceyUmenaiat 1057. 
Enicunta wnmaculaiua, 570. 

maoulaiuaf 670. 

gtitkUiua, 660. 

maoukdua, 670. 

nigrifrona, 670. 

— achiakuseuat 670. 

— atunderi, 670. 

EfOomothera coroma/nda ooromamdo^ 600. 
EomanUa guUaUpenima, 689. 
Eii^estiasula intemiiedia, ap. n., 690. 
EpfUaUea Umpigi, 602. 

pennaiua, 602. 

Ejdiippiorhynohua aenegalenaia (z. b. l.), 
1078. 

Eguua ealdxdtu przefvalakii (z. s. l.), 1078. 

— grevyi (z. s. l.), 1078. 

Eremopterix griaea, 668 . 

ErcUa cdpina aipwia, 614. 

temrnanchUt 614. 

Erpetoaawrua Icaaia, 866 . 

raaiatua, 852. 

Erpomia xcmMleuoa, 680. 

— — waintholeuoch 6S(K 

Ery^iToeebua, 699. 

Erythavpua amunnaia, 606. 

— cenchria, 606. 

veapeatimta, 606. 

Eryihroaterna leuouro, 686. 

— ^ moouiteh 686. 


Eaaoua fWMviroakiaf 612. 

Eatrdda irnnamdoaot 566. 
—^Jormoaot 556. 

Eudynamia hononOa, 694. 

aoohpcusauaaooiopaeeua, 694. 

Evdynamya onerOdUa, 694. 
Eulabea intermedia, 664. 

jaxana intermedia, 664. 

reUgioaa, 654. 

Eumiyiaa albieaudata, 686 . 

mdcmopa, 686 . 

Eupodotia edivardaii, 612. 
Eurylamua javanioua, 690. 
Eurylaimuajavanicm harterti, 690. 

javanicua, 690. 

Euryatomua orientalia, 698. 

orientalia, 598. 

Euapiaa aureola, 558. 

luteola, 668. 

Excdlfacioria efUnmaia, 622. 

chinenaia, 622. 

Exoeaetua fernandezianua, 847. 


Fakinellua igneua, 612. 

Fakso babylonieua, 606. 

barbarua, 606. 

(Cerchneia) Himunctdua intar^inceua, 

606. 

— ( ) objurgaiua, 606. 

( ) timunoulua, 606. 

cherug, 606. 

cherug, 606. 

— cMequera chicquera, 606. 

{Erythropua) amurenaia, 606. 

jugger, 606. 

fioumanni pekinenaia, 606. 

peregrinator, 606. 

peregrinua, 606. 

calidua, 606. 

pelegrinoidea, 606. 

peregrinator, 606. 

aaker,605. 

aeverua, 606. 

rufipedoidea, 606. 

aubbuteo, 606. 

— aubbuteo, 606. 

Felia leo (z. s. l.), 846, 1078. 

tigria (z. b. i*.), 1077. 

FranobHniua ehinenaia, 622. 

-franoblinua aaka, 620. 

mebmotua, 622. 

-~- 9 tttori», 622 » 
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FraneoUnua piniadaanua phayrei, 622. 

jpont^Kserumua, 622. 

ttilefTKMtfua, 622. 

pondicerianus, 622. 

vtUgaHa, 622. 

FfonkHmia buchananif 666 . 

cinereicapilUi, 566. 

dnereocapiUa, 666 . 

gradUSf 666 . 

hodgaowit 666, 

EregUua himdiaycmuaf 662. 
FringiUatuia nemoricola, 668 . 

nemoricola, 568. 

Fidica tarn, 618. 

a<m, 618. 

Fidigula onstata, 610. 

FulvetUi vinipecla vinipecUx, 680. 


Oalachryaia lactea, 616. 

Oalerida criatata, 658. 

chendoola, 568. 

OalUcolurnba jobicnaia (z. s. l.), 1080. 
OaUiorex cinerea, 618. 

criatcUiiaf 618. 

QaUinago cadeatia^ 614« 

gaUintda, 614. 

nemoricolaf 614. 

acolopacinua, 614. 

aoUtaria, 614. 

atmuira, 614. 

QaUinvla chhropua, 618. 

indicua, 618. 

phc&nicuira, 618. 

OaUoperdix lumdata, 622. 

—> tumdoaua, 622. 

apadicea, 622. 

apadioea, 622. 

apadiceua, 622. 

OaUophctaia aUbooriatcUite, 622. 

— mekmoHu, 622. 

OaUua bankiva murghi, 624. 

— robinaonit 624. 

ferrugineua, 624. 

gaUau murghi, Q24. 

robinaom, 624. 

aofmenOi, 624. 

Qimipatarhynehua ruf%duat 678. 

ntffduat 678. 

torquiOua, 578. 

-^.^tarquadua^ 576. 

^famdaa aUtogularia, 576. 

bakmgm, 676. 


ChamUaas eaandtdua, 676. 

huoolophua, 676. 

— bekmgeri, 576. 

Uucdophua, 676. 

moniUgert 676. 

nwniUger, 676. 

oceUatua, 676. 

pectoraUa, 676. 

pectoralia, 676. 

ruflooUia, 676. 

atrepiianat 676. 

QamUua biapeetdariaf 552. 

biapccularia, 562. 

irUeratinctua, 652. 

lanceolatua, 552. 

QazeUa aubgvJttatvs (z. s. l.), 1077. 
Oednuhta grantda, 592. 

pra/Uia, 692. 

Qednua Morogaater^ 502. 

chlorolophua, 690, 592. 

ocdpikUia, 692. 

aquamcduat 592 

airiolaHta, 592. 

vtru2anii«, 692. 

Oehchelidon anglicus, 616. 

nUoUca nilodca, 616. 

Oennama (dbicriakUua, 624. 

— haimlUmi, 624. 

horafiddi, 624. 

cuvieri, 624. 

leueomekmus, 624. 

Imeatua, 624. 

— 624. 

— mdanonduat 624. 

mekmotua^ 624. 

Qaodchla oUrina, 574. 

— oitrtna, 574. 

(^yono^M, 674. 

— cyanonoauay 674. 

cyanota, 674. 

— UMCohr, 672. 

taardiy 674. 

Oeoomyda trijuga thermaliSy 1057. 
Qeohichla dtrina dtrinay 574. 
674. 

— wcardi, 574. 

OeronHeua paptUoaua, 574. 

Cflareola lactea, 616. 

mMivanim nuddivarum, 616. 

arienkdia, 616. 

GVonoidtom brodid, 602. 

— brodid, 602. 

^45^,602. 
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(TZotioieijuffi fswcfvMAta^ 002. 

otmUoidea, 602. 

radia^mn, 602. 

mdldbarwum, 602. 

radiatvm, 602. 

OhtUefubtdaria, 612. 

ChriUa, 697. 

GraouUijavana intermedia, 654. 

rdigioaa, 664. 

Oraculua carbo, 608. 

eremita, 662. 

jcroamoua, 608. 

QrammcUoptUa striata, 678. 

striata, 578. 

Qrtmdaia coeilicolor, 572. 

OraucahLS macei, 586. 

macei, 686 . 

fUpalensis, 586. 

G^ruA antigone, 612. 

cmerea, 612. 

communitf, 612. 

grtis Ulfordi, 612. 

Chdo gtdo (z. s. l .), 1077. 
Oymnorhieflavioollis, 566. 

Oymnoris xanthocollis xanthacoUis, 656. 
Oypaetus bairbatus, 604. 

hemachdUmtuf, 604. 

bengalenais, 602. 

indicus, 602. 

— indicus, 602. 

OgpsophUa erispifnms, 678. 


Hasmatopus ostraiegus, 614. 

ostrakgus, 614. 

Hcematospiza indica, 666. 

sipahi, 666. 

Haioyon amauropterus, 600. 

atricc^nUus, 600. 

ooromandelianus, 600. 

fttacus, 600. 

leucocephalits, 600. 

pUeata, 600. 

smymcnsis, 600. 

fusoa, 600. 

HaHailiuafuhwente^ 606. 

leuoogaster, 606. 

leueoryphus, 606. 

Haliastur mdus, 606. 

mdtte, 606. 

Barpactea erythrocephalua, 606. 
^^—fasokOus, 596. 

hcdgstmi,&^6. 


Harpactes oreadus, 696. 

Helwpais persomta, 618. 

HemerephUa abruptaria var. tmieohr, 847. 
Hemioercua eanmte, 594. 

oanente, 694. 

Hemickelidon einereicepa, 686. 

ferruginea, 686. 

fvligmoaua, 586. 

aibirica, 686. 

sibirioa, 686. 

Hemigalua hardwickU (z. s. L.). 1077. 
Hemilophua ptdvertdmtia, 694. 

Hemiprocne coronata, 696. 

Hemipua jncatua, 666. 

1 picatua, 666. 

Hemiaua murmwQjtwm, 906. 

Hemixoa flavala, 684. 

mcdeUandi, 684. 

Hemiocua flavala, 684. 

da/tnaoni, 584. 

flavala, 684. 

' mcctdlandi, 684. 

mcdeUandi, 684. 

lickelli, 684. 

tickeUi, 684. 

Henicurua guUatua, 570. 

immacidatua, 570. 

macuUUua, 570. 

achiataceua, 670. 

Herodiaa alba, 610. 

egretteidea, 610. 

Herodiua garzetta, 610. 

intermedia, 610. 

Herpomis xantholeuca, 680. 

Heaperiphcna ajffmia, 656. 

Heatmaula brunneriana, 690. 

nigrofem^rata, sp. n., 690. 

Heteroxenicua cruralia, 570. 

nipalenais nipaUnaia, 570. 

Heterura aylvana, 560. 

Hieraduafaaciatua, 604. 

Jaadatua, 604. 

Hierax eutdmoa, 604. 

Hierococcyxfugax niaicdor, 694. 

niaicdlor, 694. 

aparveroidea, 594. 

variua, 594. 

HUarodchla rujhenier, 682. 

Himantopua candidua, 614. 

Hvrundapua (xMdaciOua muHpea, 696. 
Hirtmdo dauHea, 688. 

erythropygia, 688. 

nepalenaia^ 688. 
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Hmmdo dauriea nipalen$is, 5S8. 

atridlata,5SS. 

(jUmieola, 588. 

er^f&vropygiaf 588. 

fiU/erOt 588, 

ja/oamoa^ 588. 

donwcda, 688. 

nepaiensis, 688. 

rtuUea, 588. 

— rustica, 588, 

mwUhu, 688 . 

fllifeira, 688. 

Hodgeomua phcBmcuroidea, 570. 

phcenicuroidea, 570, 

Homraivs hicomie, 508. 

Hoplopterua ventraUa, 614. 

Horeitea brunndfronat 568. 

brunnifrona, 668. 

Horomieforiipea, 668. 

fortipeSt 668. 

ftUiginiverUer, 666. 

paUida paUida, 568. 

paUidus, 568. 

paUidua, 668. 

Houba/ra macqueenii, 612. 

Houbaropaia bengalenaia, 612. 

indica, 612. 

Huhua nepalenaia, 602. 

nipcUenais, 602. 

Hydrarachna ekhretica, 918. 

spinosa, var. subtiliB« var. n., 916. 

Hydrobodaaaiatioa, 674. 

HydrocheiUdon hybridan 616. 

Widicaf 616. 

HydrocichlafitmUiUa, 570. 

Hydrodaaa albiroairie, 698. 
Hydrophaaianua cMruryw, 616. 
Hydroprogne caajna caapia^ 616. 
Hylambaiea maculatua^ 900. 

Hyldbatea kueogmya (z. a. l.), 1078. 
HypcMmthia aptnaidea, 556. 

HyperdUua aagua, 902. 

bayani, 902. 

ocmoolor, 902. 

marmefoiuat 902. 

— ^ miofop#, 905. 

mossambicus, Bp» 904. 

Hypopku$hyparythru$f 592. 

hypert^htr%u^b^2. 

Mypd&aipnAaimma, 588. 

ai^ofM.588. 

Hy p t 2i rtp w >l4 t tim g u arat 806* 
g|a»y<tetpa w »tw i^ 2Si. 


Hypaipetea moleUandit 584. 

iwUgherrienaiap 684. 

paaroidea, 684. 


Icmihia cyanurat 672. 

mfilata, 672. 

hyperythra, 672. 

indka, 672. 

indkat 572. 

ruftUda, 572. 

auperoiliaria, 672. 

lanthocinda ocelUUa, 676. 

ryfogtUaria, 676. 

rttfogularia, 576. 

Ibidorhynoha atnUheraii, 614. 
Jbidorhynchua atrubh&raiit 614. 

/6m leucooephahiat 610. 

mekmocephalua, 612. 

IdUhyophaga humUk phmtbeuay 606. 

uddhyaetua ichthyoid, 606. 

IcUnaShia malayenaia, 606. 

pemiger, 606. 

Indkcdor xanihcnudua, 592. 

JnocoUa papiUoauSf 612. 
loU iderka, 684. 

dlivacea cinnimomeoventria, 584. 

vireacenaf 684. 

Ithagenea cruerdua, 622. 

Ithagmea cruantua, 622. 

Ixobrychw cinnamomeiM, 610. 

fninvaua mmutua, 610. 

ainenaia ainenaia, 610. 

Ixope nepaknaia, 680. 

nipcdenaia, 580. 

IxtduaflavkoUia, 680. 

flavkoUia, 580. 

oooipitalia, 680. 

aarkdua, 680. 

lyngipkua hardwkkii, 692. 

pygmcBua, 692. 

lynx targudUa, 694. 

torquiUa, 694. 


Jynx targudUa, 594. 


Kakaioi mdkuscmaia <z. s. l.), 1077. 
KaUene tvfiaeadria, 670. 

Kjaaaina aenegaknak^ 900. 

Ketupa eayUmanaia^ 602. 
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KeUApafaivipeaf 601. 

javanensie, 602. 

ketupa, 602. 

zeylonensie, 602. 

hardivickiif 602. 

leachenoMU, 602. 

KiUadnda macroua, 572. 

indicat 572. 

maktb(»noa, 572. 

Kroicejdialua ichthyoBtuBt 616. 

LabyrirOhodontt 886 , 

Lcnacopua coUaris nipalensis, 574. 

himalayanua, 674. 

Laktge mekiachista avensis, 586. 

tnelaeohiata mdaachiata, 586. 

aykeaii, 586. 

Lamprocorax panoyenaia atrigatua^ 554 . 
Laniita arenanua, 566. 

oolhmoideat 564. 

criaicOtiat 566. 

criaiattia, 566. 

iaabeUiniia, 566. 

erythrorudfia, 564. 

eoccubitor Uthiorat 564. 

hardwickiit 564. 

iaabeUmuat 566. 

lahtorat 664. 

nigricepat 664. 

nigrioepa, 564. 

achach canicepat 564. 

erythronoiua, 564. 

tephronokuat 564. 

Lcarua bnmneicephaluat 616. 

brunnicephalitat 616. 

tchtyaSiuSt 616. 

ridibundtu, 616. 

ridibundua, 616. 

Larvivora hnmneat 570. 

cyana, 570. 

LcUicauda colvbHnat 1080. 

Ldopioue mahrattenaia mahraUenaiat 592. 
LaioptUa oapiatraia capiatrata, 580. 

melanbleuca mekmoleucat 580. 

Leioihrix hUeua, 582. 

Lepidoairen parctdoxot 783. 

JLepterodfiiua aaoer, 610. 

Ltptocoma aaialioa aaiatioa, 560. 

bmaUianat 660. 

flammcudUaria, 562. 

lotaniat 560. 

mmima, 660. 

zaylmUoaf 660. 


LepicmomHa indica, 689. 
Leptopeltajohnatoni, 900. 

Leptoptiloa argakit 610. 

dvbiuBt 610. 

dtibuBt 610. 

jwanicat 610, 

javanicuat 610. 

Leatria p<muirimta, 616. 

Leucocerca (dbofrtmkUat 688 . 

fuacoverUriat 688 . 

pectorcdiat 588. 

Lewopoliua atexandrinua aeebohmit 614. 
Limnaetua criatcUeUuBt 604. 

kieni-eriit 606. 

nipodenawt 004. 

niveuBt 604. 

Limnesia rugosay Bp. n., 919. 
Limonidromtta indicua, 560. 

Limoaa cegocephalat 612. 

belgica, 612. 

limoaa limoaat 612. 

lAoparua chryacmat 580. 

chryaotia, 580. 

lAopicua mahraUenaiat 592. 

Lioplila capiatrata, 580. 

meianoleumt 580. 

Liothrix lutm, 582. 

caUipygOt 582. 

Lobiplttvia malabaricat 614. 
Lobivanelliia goenaia, 614. 

indwua mdicttat 614. 

Lophaittis ocoipUcdia (z. s. i..), 1078. 
Lophoceroa biroatria, 698, 

Lophophanea cemoditia, 664. 

ater cmnadiuat 564. 

beavanit 564. 

dichrouat 564, 

dichrana, 564. 

rubidiventrist 564. 

rufonuchalia beavanit 564. 

Lophophorua impejanuat 622. 

impeyanua, 622. 

Lophoapiziaa trivirgcOtut, 604. 
Lophtdriorchia himerit 606. 

Lophura diardit 624. 

fH/b, 622. 

Loriculue vemtOia, 600. 

Loxia ourviroatra hmtdayana, 558. 

himalaymaia, 558. 

himaiayanat 558. 

In/ntnooryptea mMma, 814. 
oervii^^ 

omdmoepa, 
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Maeooa, 701 . 

Maehkiliphue JuypiUmoius, 564. 

jerdoni, 564. 

apiUnotue, 564. 

apiUmoUta, 564. 

apUonotua, 564. 

atdmndia, 564. 

xcmthogenya, 664. 

apiUmotuB, 564. 

xcmthogenya, 564. 

Macropteryx corcmata, 596. 

Maoropygia tuacdia, 620. 

unchaU tuaaHia, 620. 

Malacocmckt abholi abboti, 580. 

aepiana abbotii, 680. 

Mcdacocirctia nudcbaricua, 57 8. 

mcd(xlhm, 578. 

terricolor, 67 8. 

Mcmdrillua, 708. 

BKantis inornata^ sp. n., 689. 

nobilis, 689. 

Mareca penelope, 608. 

MarrnaroneUa anguatiroatria, 608. 
Megcdcenui marahallorum, 690. 

Megalaima canicepa, 690. 

lineata, 690. 

virena, 590. 

marahaUorum, 690. 

viridia, 690. 

Megdlixcdua brachycnemia, 900. 

doraalia, 902. 

fomaainii, 900. 

Megalornia antigone antigone, 612. 

grtia lilfordi, 612. 

Megalwrua paluatria, 566 . 

Melanocorypha bimacuUxta, 668. 
MeHUophagaa erythrocephdlua erythroceplM 
lua, 598. 

awinhoii, 598. 

Metophua mekmictema, 558. 

Meniceroa bicomia, 698. 

Merganaer caator, 610. 

MergeUua aibeUua, 610. 

Mergua aibeUata, 610. 

eaatcT, 610. 

merganaer americanua, 610. 

orientalia, 610. 

Meropa orientaUa hirmanua, 598. 

— orientaHia, 698. 

jdnUppenaia, 598. 

jdvOippinua, 598. 

fmrdiooior, 598. 

^ a»feroUi<mtagaiV€micuaf 598. 


Meropa viridia, 698. 

Merounga leonina (z. s. L.), 1077. 

Meruta cdboeinota, 572. 

atriguiaria, 672. 

bovUnnd, 672. 

oaatanea, 672. 

fuacata, 572. 

chacura, 572. 

ruflcoUia, 572. 

aimUlima, 672. 

unicolor, 572. 

Meaia argentauria, 682. 

argentauria, 682. 

Metopidma indioua, 616. 

Microcichla acouLeri, 670. 

acouleri, 570. 

Miorohierax ccmdeacena caeruleacma, 600. 

etUolmua, 606. 

Microniaua badiua, 604. 

Microperdix erythrorhynchua, 622. 
Microptemua brachyunia, 592. 

— gularia, 592. 

humei, 692. 

phmocopa, 692. 

tviUiamaoni, 692. 

gularia, 692. 

pkceocopa, 592. 

phaicopa, 592. 

Micropua affinia affinia, 596. 

melba nudba, 596. 

padficua pacifioua, 596. 

phceocephalua, 584. 

Microaarcopa cinereua, 614. 

Microacdia paaroidca ganeeaa, 684. 

paaroidea, 584. 

Microtaraua poicephalua, 584. 

Miglyptea juguiaria, 692. 

MUvua govinda, 606. 

lineaHta lineatua, 606. 

mekmotia, 606. 

migrana govinda, 606. 

lineatua, 606. 

Mwda caatanicepa, 580. 

dneroa, 680, 

ignotincta, 682. 

Mirafra aaaamica, 558. 

aaaamica, 668. 

cantiUana, 558. 

cantiUana, 658. 

erythroptera, 668. 

Mixomia rubricapUla minor, 580. 

rubricapiUa, 680. 

rubrieapiUua, 680, 
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MolptuOea bwifokneit, 584. 

— hc mno tr h oHS, 584. 

bengdUnHat 584. 

hasmorrhotu, 684, 

nigripUeua^ 584. 

Imoagmya^ 684. 

Ufucogmya^ 684. 

nigripikuaf 684. 

Moniicola emohrhyndta, 574. 

efyihrogaatra, 674. 

aoUUaria Offfima, 674. 

pamdoot 674. . 

MoiaeUia aiba, 668. 

€Ub<ndea, 668. 

dukhunenaia, 668. 

Uucopaia, 668. 

peraonaia, 658. 

beema, 660. 

boredUa^ 660. 

dnerea caapioa, 660. 

cUreola, 660. 

ealoarata^ 660. 

oUreola, 660. 

eUreoloidea, 660. 

dukhunensia, 668. 

yZava beema, 668. 

thunbergi, 668. 

hodgaoni, 668. 

le/ucopaia, 668. 

lugttbria aXboidea, 668. 

Jeucopaia, 668. 

mcuUsTcta-patenaia, 660. 

luzomenaia, 568. 

madema-patana, 660. 

— ' — 660. 

melcmope, 558. 

peraonata, 660. 

MuUeripictia pulverulentia, 694. 

harterti, 694. 

Munia acuticcmda, 556. 

cdrioaipiUa, 556. 

cUricapiUa, 666. 

rubronigra, 566. 

maiabarica, 666. 

— modacca, 556. 

* orientaUa, 666. 

puncttikUa punoHUata, 556. 

rudromgpra, 666. 

656. 

(aoatUoemda, 656. 

.iifrutf0»556. 

undfdata, 556. 

Mttaoadiaom amaa ayUtataca^ 618t 


JlfiiaoiO(iptil0 My9p)l4fvi» 586. 

mapeaviiXMiHa» 586. 

Jlf|/0ero6ii« 556. 

melanagoanthoa, 556. 

malanoxemthua, 556. 

Myctetia auatraUa, 610. 

Myiagra a/nurea, 588. 

Af;^M>me/a leueura, 672. 
AfyiopAoneutf horafiekUit 574. 

tommincibH, 674. 

Myiophanua horaflddH, 574. 

temmindeii, 674. 

M3rtara4Ei, gen. n., 868. 

maerognathuBi sp. n., 868. 

Myvornia pyrrhatarth 582. 


Nemorioota mdica, 560. 

NeoctUerd>ra aquamoaa, 685. 

Neophron gingwUanua, 602. 

petmopteruff, 602. 

ginginianaa, 602. 

Neopua mcdaimaia, 606. 

Neomis flavoUvacea, 668. 

flamUvaee/us, 668 . 

jUtodivaoeua, 668. 

JVetto ruflna, 610. 

Nettapua corornanddiantia, 608. 
NetUon crecca orecca, 610. 

Nettium crecca, 610. 

NeUopua eoromandelianua, 610. 

eoromandelianua, 610 

NiUava grandia, 588. 

grandia, 688. 

maegrigorUe, 588, 

aundara, 688, 

eundara, 688. 

Ninox aciUeUcdua, 602. 

acutuUOa, 602. 

lugubrie, 604. 

Niaaciua boneUi, 604. 

NiHdula hodgaoni, 586. 

Noiodda leueura, 672. 

Nueifraga caryocataelea hemiapila, 552. 

hamiapQa, 552. 

Ntmeniua arquata, 612. 

tmaeOua, 612. 

arquatua, 612. 

phoaopua, 614. 

variegatm, 614. 

Nyetiiooramfpiaaiua^ 610. 
•••-^niydkioonm 610* 

kfyedMma 598, 
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Nyrocaferina, 010. 

ferim, 610. 

ferrugima, 610. 

fiUiguktf 610. 

fuUgtda, 610. 

wyrooa, 610. 

wyrocat 610 . 

tufa tufa, 610. 

OcAr(>me2antpriru/a» 588. 

nigrorufa, 688 . 

(Edionemua crepitana, 612. 

acolopax, 612. 

(Enanthe deaerti airogularia, 570. 

cenarUhe cmanthe^ 570. 

— Qpiatholeuca, 670. 

picta, 670. 

(Enopopdia tranquebarica, 620. 

tranquabaricat 620. 

Onychoprion melanaiichent 616. 
Ophiderpeton amphiurninua, 874. 
Ordcolaferreaf 570. 

ferrea, 670. 

Oreoomda daiuma, 574. 

— dautna, 674. 

n/Uqirienaia, 674. 

moUiaaima, 574. 

moUiaaima, 674. 

nilgirienaia, 674. 

Oreocorya aylvanua, 660. 

Oriolua ceylonenaia, 566. 

chinenaia tenuiroatria, 564. 

indicua, 664. 

humdoo, 664. 

makimcephalua, 664. 

tenuiroatria, 664. 

traiUii, 656. 

acanthomua ceyUmmaia, 556. 

xanthomua, 664. 

Orooetea cirudorhynchua, 674. 

erythrogaatra, 674. 

Orthoaonttua, 886 . 
OrthotomuaUmgicauda, 666 . 

autoriua^ 666 . 

— patia, 686. 

— autorwa, 666 . 

Ortygomia gukuia, 622. 
--■—poniieerkma, 622. 
Oryetciague intmcuhta, 756. 
Oanieirearm€0Ma, 618. 

biwncta, 618. 

— ~ maidbarioat 618. 

)i8affW»618, 


Otocompaa emeria, 684. 

emeria emeria, 684. 

fuawxaudaia, 584. 

peguenaia, 684. 

flamventria, 684. 

JUnnventria, 684. 

Juaoicaudata, 684. 

jocoaa, 684. 

erythroUa, 684. 

leucogenya, 684. 

Otogypa calvua, 602. 

Otothrix hodgaomi, 600. 

Otua hakkamoerui lettia, 602. 

plumipea, 602. 

hrachyotua, 600. 

aunia aunia, 602. 

vulgcuria, 600. 


Pachygloaaamelanoxantha, 5H2. 
Pcdasomis cUexandri, 600. 

columboidea, 600. 

faaeiatua, 600. 

javankfua, 600. 

nepcUenaia, 600. 

roaa, 600. 

achiaticepa, 600. 

torquatua, 600. 

PcUcBoapondyhia, 783. 
Pahimboma everamanni, 618. 
Pahimhua caaioHa, 620. 

dphMnotonei, 620. 

piUchricoUia, 620. 

Pan, 697. 

aaiyrua (z. s. l.), 1078. 

Pandion hdliastua, 606. 

haliastua, 606. 

Papio, 708. 

Paradoxorniajhmroatria, 682, 
Paranaapidea laeuatria, 791. 
Paraphoadon tumidulua, 627. 
Parua camodiua, 564. 

atricepa, 664. 

omereua, 664. 

major dnereua, 664. 

nudiratkmm, 664. 

monticohu, 564. 

Peuaer cinnamomeua, 656. 

domeatioua, 556*J080. 

mdieua, 666, 

fiamccXUa, 666. 

indaoua, 666 . 
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Po«Mr monUmu^f 556. 

fnaiaooen$iat 556. 

ruHlana cinnamomeuB, 556. 

Pastor roaeus, 552. 

Powo 624. 

PctinmoeUa pugnax, 614. 
Pelargopeis amauroptera, 600. 

gurial, 600. 

leaoooephala, 600. 

Pdecamts jawmicuB, 608. 

onocrotalua roaeua^ 608. 

pMHppenaiSf 608. 

roaaua^ 608. 

PeUon lyeUi^ 869. 

PeUomeum mandeUii, 678. 

rufioepa, 678. 

mandeUU, 678. 

subochraceum, 678. 

aubochraceum, 678. 

Pentkoceryx aonnerati, 694. 

aonnercUii aonnertUU, 694. 

Perdictda argunda, 622. 

ttaicaioa, 622. 

argoondah, 622. 

aaiatica, 622. 

erythrorhynoha, 622. 

PertUx hodgaonicB, 622. 

— hodgaonifB, 622. 

Pericrocotua hremroatria, 684. 

breviroatria, 684. 

flammeua, 684. 

peregrinua, 686 . 

malabaruma, 686 . 

peregrirma, 686 . 

vwiduan 686 . 

roaeua, 586. 

roaeua, 686 . 

aolaria, 586. 

686 . 

apedoaw, 684. 

jlammei*a, 684. 

— apedoatia, 684. 

PeHaaoapiza otsmipea, 656. 

ieteroidea affinia, 666 . 

Pemia oriatata, 606. 

— • eriaU^ua, 606. 

ruficoUia, 606. 

pdlorhynofma ruficoXLia^ 606. 

Petroooaayphua cyaneua, 674. 
Peirophdla oinclorhyncha, 674. 

cyamta, 574. 

erythrogaaira, 574. 

^haktoroeoreia eatbo^ 608, 


PhaXaoaooaraao aaaho indiom, 608. 

aanenaiSp 608. 

javamieue, 608. 

mgeTf 608. 

Pharyr^pdKduaetfHe^^ 687. 
Phaaianua wMichii, 624. 
PhOomachua pugnax, 614. 
PhodUua bcuUua aaturaPua, 600. 
PhMnieopterua roaeua, 608. 

ruber onHguoruin, 608, 

Phoanicurwfrantaliat 572. 

frontaUa^ 672. 

hodgaonit 572. 

oohrurua rufivesOria, 682. 

jpAcsnirmitM j9tomet«ru«, 570. 

— acMaUoepa^ 572, 

PfuftodUua hadma, 600. 
Phfoginaticola aSdan, 666. 
Phrynohatrctohua cu>ridoide^^ 899. 

natcdenaia, 899. 

PhyUornia aur^frona, 682. 

hardwichii, 682. 

jerdoni, 682. 

rnalabarictia, 582. 

PhyUoacopua affinia, 566. 

coUyhitua triatia, 566. 

—ftdiginiverUer, 666. 

fuliginivefUria, 568, 

griaeolua, 568, 

griaeolua, 568. 

humei prcamium, 666. 

humU proamium, 506. 

— indicua, 668. 

Vugubria, 668. 

magniroatria, 668. 

proregvluay 666 . 

neu^om, 666. 

putcher, 666. 

ptdoher, 666. 

auperdlioaua, 666. 

triaUa, 666. 

viridanua, 668. 

Pfoo 552. 

jwoo 5oManen«M, 652. 

Picumnua innominaaus, 594. 

«nnoniina^, 594. 

Piouabarhcduaheaaei, 690. 

— dnmne»yinon«» 692. 

— oanua b€arb€iiua, 590, 

" heaaei, 590. 

— 592. 
•^■■^^ehkmd^ahua Morigaater^ 592, 
-^ahiorolof)haidea^ 594, 
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PioM chlarolophua ohUjrohphiM, 590. 

MndcB, 692. 

maeei, 592. 

majoffHdia, 592. 

mahraUmaiat 692. 

equcmfOua aquamaiuSt 590. 

viUatita dehras, 690. 

rnyrfnecophfOineua, 690. 

Fiona angfUata^ 921. 

crassipes, ap. n., 921. 

Pipaatea agiUa, 560. 

airhoreua, 660. 

montanw, 660. 

Pipriaoma agiUt 662. 

aqudUdum, 662. 

aquaUdum, 662. 

Pitheoua, 699. 

PlaneaUoua atrogulariat 672. 
--—fuacatuat 672. 

ruflcoUMf 672. 

Plcdalea leuoorodia, 612. 

major, 612. 

Flatyrhinops, gen. n., 866. 

mordax, 866. 

PlegadUfaUiineUua, 612. 

faUsmdlua, 612. 

Pkuroptyx dovatua, 885. 

Plooeua baya, 556. 

bengalenaia, 556. 

henghaknaia, 556. 

— mamyar, 566. 

peguenaia, 566. 

megarhynohua, 566. 

paaserinua paaaerinua, 666. 

phUippinua, 556. 

paaaerinua, 666. 

Plotua mdanogaater, 608. 

Pluvicdia dominicuaftdvua, 614. 
Pnoepyga caudakt, 576. 

puaiUa, 576. 

puaiUa, 676, 

aquaimata, 576. 

aquamata, 676. 

Poeiofpua popuenat# (z. s. l.), 1078. 
Podioepa criataiua, 616. 

criakdua, 616. 

phUippenaia, 616. 

rt^coUiaoapenaia, 616. 

PoduApaa aXlnpannia, 616. 

OfMCetfua, 616 . 
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Communications intended for the Scientific Meetings shouhl 
he addressed to 

P. CHALMERS MITCHELL, 

Secretary^ ZooL Soe, 

ZooiiOaiGAL Society of London, 

Regent’s Park, London, N.W. 8 
May 13/A, 1930. 





No. 3S5, 


ABSTRACT OF THE PROCEEDINGS 


or THX 


ZOOLOGICAL SOCIETY OF LONDON.’ 

Kay SOih, 1980. 


The Lord Rotbscbild, D.Sc., Ph.D., F.E.S., Vice-PreKident, 
in the Chair. 


'‘iite 


The Seoretart read a Report on the Additions to the 
Society’s Menagerie during the month of April 1930. 

Major S. S. Flower, O.B.E., F.Z.S., exhibited, and made 
remarks upon, a series of photographs of Gorilla, Elephant Seals, 
and other animals now living in the Carl Hagenbeck Tierpark at 
Stellingen, near Hamburg. 

Mr. D. Seth-Shith, F.Z.S., exhibited, and made remarks upon, 
a series of photographs of the first Pygmy Hippopotamus 
{ChmropBis Uherienns) to be born in the Society’s Gardens, the 
birth having taken place on May lltb. 

Col. A. E. Hamertok, O.M.G., D.S.O., F.Z.S., exhibited a 
collection of photographs illustiating his ** Remarks on Trypano* 
somiasis in relation to Man and Beast in Africa.” 


* This Abstract is published by the Society at its offices, Zoological 

Gardens, BegenVs Park,N.W. 8, on the Tnesday following the date of Meeting 
to which it ^ers. It will be issued, along with the * Proceedings,* free of 
extra charge, to all Fellows who subscribe to the Publications ; but it may be 
obtained on the day of publication at the price of Bwpenc^, or, if desired, sent 
post-foee for the sum of Sins per annum, payable in advance. 
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Mr. JL D. Midbliik)« comudunioftted hk paper on **Th6 
Ecology of the American Grey Sqaiztel {Seiurus (miilmensky in 
the British Isles ” 


The next Meeting of the Society for Scientific Business will 

be held on Tuesday, June 3rd, 1930, at 6.30 f.m., when the 

following Oommunications will be made > 

G. Oabmiohael Low, M.A., M.D., F.R.O.S., F.Z.S., Douglas 
Dewar, B.A., F.Z.S., T. H. Newman, F.Z.S,, and G. A. 
Levstt-Ykats, O.I.E., F.Z.S. 

A Glassification of the original Watercolour Paintings of 
Birds of India by B. H. Hodgson, S. R. Tickell, and C. F. 
Sharpe in the Library of the Zoological Society of London. 

P. E. P. PEBAyiYAGALA, M.A. 

Testudinate Evolution. 

MARaABET 0. Steen, B.Sc. 

The British Museum Oollection of Amphibia from the 
Middle Goal Measures of Linton, Ohio, U.S.A. 

A. Gibgis, M.Sc., M.R.G.S. 

The Development of the Heart in the Rabbit. 

G. S. Sansom, M.G., D.Sc., F.Z.S., and J. P. Hill, D.Sc., F.R.S., 
F.Z.S. 

Observations on the Structure and Mode of Implantation of 
the Blastocyst of Oavia, 

Aoebs E. Milleb, M.A. 



Note on the Tail Skeleton of Zepidoairm pctradoxa, with 
Remarks on the Affinities of PaUcmpondylus. 
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The following Papers hare been received • — 

B. J, Mabplbs, B.A. 

The Proportions of Birds’ Wings and their Changes during 
Development. 

Raohkl M. Bbnton, F.2.S. 

On the Budding of a Seyphistoma. 

W. H. Thorpe, M.A., Ph.D„ C.BA.Z.S . 

Tlie Biology, Post-embryonic Development, and Economic 
Importance of Cryptoehagtum iceryoe Will. (Diptera Agro- 
myzidce) paiusitic on Icerya purchaai (Ooccidae, Monophlebini). 

Baron Francis Noposa, Q.M.Z.S. 

Notes on 8tegocephalia and Amphibia. 

PyrBB Okay. 

The Attachments of tlte Urodele Rib to tlie NTertebza and 
their Homologies with the Oapitulmu and Tuberculum of the 
Amuiote Rib. 


Tile Publication Committee desire to call the attention of 
tiiose who propose to odei* Pa|)ers to the Society, to tiie great 
cost of paper and printing. Papers should be condensed and 
be limited so far as possible to the description of new results. 


Communications intended for the Scientific Meetings should 
be addressed to 

P. CHALMERS MITCHELL, 

StcreUiry^ ZooL Soc 

Zoou>QiuAL SociirrY of London, 

Regent’s Park, London, N.W.8. 

May 27^, 1930. 






No. 380. 


ABSTRACT OF THE PROCEEDINGS 


OF TUK 


ZOOLOGICAL SOCIETy OF LONDON.* 

June 3rd, 1930. 

Sir Arthur Sttirn Woodward, F.K.S., Vice-President, 
in tlie Chair. 


Mr. J. B. Norman, F.Z.S., exhibited, and made remarks upon, 
the Pectoral Fin of an exceptionally large Flying-Fisb {Exoccbtus 
fm'tmndezvanvui) from Juan Fernandez collected by Mr, Arthur 
Haserick, F.Z.S. 


Col. S. Monckton OoPfiMAN, M.D., F.B.S.. F.Z.S., exhibited, 
and made remarks upon, a rare variety of the Waved Umber 
Moth, HemerophUa adruptaria var, unMor^ caught on Primrose 
Hill. 

Dr. G. Carmichael Low, F.Z.S., gave a resume of the Classifi* 
cation of the original Watercolour Paintings of Birds of India by 
B. H. Hodgson, S. R. Tickell, and C. F. Sharpe, in the Libi-nry of 
the Zoological Society of London,’^ compiled in collaboration with 
Messrs. Douglas T^war, T. H. Nibwbun, and G. A. Lsvett- 
Trats. 

Prof. D. M S. Watson, F.B.S,, F.Z.S., communicated a paper 
by Mr. P. E. F. Deranitaqala, M.A.^ on ** Testudinate 
Evolution.” 


• This Abstract is pablUhed by tbs Society at its offioes, Zoological 

Gardens, Regent's Park, N. W. 8, on the Tuesday foIlDwiug the date of MeoUag 
to i^oh it refers. It will be iesned, slong with ihe * Proeeedings,* free of 
charge, to all Fellows who subscribe to the Publications ; but it may be 
obtained on the day of publication at the price of Bwpenee, or, if desired, sent 
post>free for tlto sum Sia BhUUngi per annum, payable in advance. 
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Miss Mabgabst 0, gave a rimmi of ber fMtper on 

“ The British Museum Oolleetion <h Amphibia from the Mid<Ue 
Ooal Measures of Linton^ Ohio, UB.A/’ 

Prof. J. P, Hill, P.R.S., F.Z.S., gave a rikwmi of tiie two 
following papers : — (1) Observations on the Structure and Mo<le 
of Implantation of tlie Blastocyst of Oavia,** by G. S. Sanboii« 
M.C., D.So., F.Z.S., and J. P. Hill. D.Sc., F.R.S., F.Z.S. and 
(2) ** The Development of the He>wt in the Rabbit/’ by A. Giaois, 
M.Sc., M.B.O.S. 

Tn the absence of the Author, Miss Agnes E. Miller’s paper, 
“ Note on the Tail Skeleton of Lepidosi»*en pamdoxUt with 
Remarks on the Affinities of PakBoapondyhiSy ' was taken as rend. 


The next Meeting of the Society for Scientific Business will 
be held on Tuesday, October 2l8t, 1930, at 5.30 r.M. 

A Notice stating the Agenda for the Meeting will he 
circulated early in October. 


Tile following Papers have been received : — 

B, J. Mabpleb, B.A. 

The Proportions of Birds’ Wings and their Changes duiing 
Development. 

Rachel M. Benton, F.Z.S. 

On the Budding of a Seyphiatoma, 

W. H> Thorpe, M.A., Ph.D., O.M.Z.S. 

The Biology, Post-embryonic Development, and Economic 
Importance of Cryptocftaatum ioerya Will, (Diptera Agro- 
myzidas) parasitic on loerya purtdMai (Ooocidee, Monophlebini). 

Baron Fbahoib Nopcsa, O.M.Z.S. 

Notes on Stegocephalia and Amphibia. 
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Pbtbr Guay. 

The Attachments of the Urodele Bib to the Vertebra and 
their Homologies with the Capita I urn and Tuberculum of tlte 
Amniote Bib. 


D. Aubebtin, M.Sc., A.E. Ellis, B.A., and G. C. Bossoy, M.A., 
F.Z.S. 

The Natural Histoiy and Variation of the Pointed Snail, 
CoehlieeUa acuta. 


The Publication Committee desire to call the attention of 
those who propose to offer Papers to the Society, to the great 
cost of paper and printing. Papers should be condensed and 
be limited so far as possible to the description of new results. 


Communications intended for tlie Scientific Meetings should 
be addi'essed to 


P. CHALMEBS MITCHELL, 


ZooLooioAL Sooiimr of London, 

Regent’s Park, London, N.W. 8, 
June lOth, 1930. 


Secretary y ZooL See, 





No. 327. 


ABSTRACT OP THE PROCEEDINGS 


OF XUK 


ZOOLOGICAL SOCIETI Of LONDON.’ 

October 21st, 1930. 


Prof. E. W. MacBride, M.A., F.R.S., Vice-President, 
in the Chair. 


The Secretary read a Report on the Additions to the 
Society's Menagerie during the months of May, June, July, 
August, and September, 1930. 

Dr. W, T. Calman, F.R.S., F.Z.S., exhibited, and made remarks 
upon, a photograph of a living Anaspides tasmamcBt on behalf of 
Miss S. M. Maxton, M.A., Ph.D., who was unable to be present 
at the Meeting. 

Prof. T. Thomson Flynn, D.Sc., exhibited, and made remarks 
upon, a unique collection of Developmental Material from the 
Echidna ( Tachpglosaus). 

Mr. W. H. Thorpe, M.A., Ph.D., O.M.Z.S., communicated his 
paper on “The Biology, Post-embryonic Development, and 
Economic Importance of Cryptocfu«tum iceryte Will, (Diptera, 
AgromyzidaQ) parasitic on Icerya ptvrc^utsi (Ooccidae, Mono- 
phlebini).” 

Sir Arthur Smith Woodward, F.R.8., F.Z.S., gave a resume 
of Baron Francis Nofcsa’s paper, “ Notes on Stegocephalia and 
Amphibia.” 


* This Abstract is published by the Society at its offices, Zoolofrical 
Gardens, Benent’s Park, N.W. 8, on the Tuesday following the date of Meeting 
to which it refers. It will be issued, along with the ‘ Proceedings,' free of 
eictra <ffiarge, to all Fellows who subscribe to the Publications ; but it may be 
obtaiiiod on the day of publication at the price of Sixpenee^ or, if desired, sent 
post-free for the sum 8i» ShiUmgs per annum, payable in i^vanoe. 




Mr. P«TBii GRATcommunioated his paper cm The Attadiinanti 
of the tJrodele Eib to the Yertel^nt and their Homologies with 
the Oapitulum and Taberoulum of the Amniote BiW* 

In the absence of the Authors, the following Papers were taken 
as read ; — Dr. 0. Walter, ** Beport on the Hjdracarina : Mr. 
Omer-Cooper’s Investigation of the Abyssinian Freshwaters 
(Dr. H. Scott’s Expedition)”; Miss Rachel M, Ebsttok, F.Z.S., 
On the Budding of a Scyphiatoma (Hydrozoa).” 


The next Meeting of the Society for Scientific Business will 
be held on Tuesday, November 4th, 1930, at 5.80 P.M., when the 
following Communications will be made : — 

D. Aubebtin, M.Sc., a. E. Ellis, B.A., and G. 0. Robsoh, M. A . 
F.Z.S. 

The Natural History and Variation of the Pointed Snail, 
CochliceUa (wuta. 


W. B. OoTTOW, I.C.S., F.Z.S. 

Exhibition of Ears and Molars of an African Elephant. 


The Skcrstaby, 

Exhibition of photographs of Elephants taken by Mr. M. A. 
Wetherall in the Belgian Congo. 


J. R. Norman, F.Z.S. 

Exhibition of photographs of a Living Shark with a Remora 
attached. 


B. J. Marples, B.A. 

The Proportions of Birds’ Wings and their Changes during 
Development. 
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A> G> LowypKs, M.A., O.M.Z.S. 

On Entomostraca from the New Hebrides collected by 
Dr. J. R. Baker. 


H. W, Parker, M.A. 

A Collection of Frogs from Portuguese East Africa. 


The following Papers have been received 
iKUAur Thomas, M.Sc . 

The Structure and Life-History of Sciara nUidiccllU Meig. 
(Diptera). 


Dr. A, Gandolfi Hobwyolp, F.B.M.S., F.Z.S. 

The Otoliths of some large Eels from the Lake of Tunis. 

Cyril OhobslanDj M.A., D.So., F.Z.S. 

The reduced Building Power and other Variations in the 
Astrean Corals of Tahiti ; with a Note on Herpetolitha Umax 
and Fungia sp, 

W. S. Bristows, B.A., F.Z.S. 

(1) A Contribution to the Knowledge of the Spider Fauna 
of South-west Ireland, and in particular the Islands off the 
Coast. 

(2) The Spiders of the Island of Grassholm, and some 
Additions to the Skonier Island List. 

S. Maulik, M.A., F.R.M.S., F.E.S., 

On the Larva of the Poisonous Chrysomelid Beetle of 
N’gamiland, Africa. 


A. D. MiDDLigroy. 

A Contribution to the Biology of the Common Shrew 
(8or&x araneu8 Linn,). 

HgRBBBT Maob, F.KS. 

Dimorphism as a Factor in Evolution, 
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WiLLuu J. Bauin, D.8c,, F>Z,8> 

The Osniotic Concentration of the Blood of Callorhync^iua 
miUU and Epiceratodm foraUri and the Significance of the 
Physico-chemical Condition of the Blood m regard to the 
Systematic Position of the Holocephali and the Dipnoi, 

The Rev, E, J, Pbabce, M.A., F,E.S, 

Report on the Haliplidee (Coleoptera) : Mr. Omer Cooper's 
Investigation of the Abyssinian Freshwaters (Hugh Scott 
Expedition). 

H, g WiLKiK, F.11.C.V.S., F.R.M,S., F.Z.S, 

The Auditory Organ of the Horse (Equiis cahaUm). 

Maeie V, Leboob, D.Sc., F.Z.S . 

(1) Further Notes on Larval Brachyura. 

(2) The Larvae of the Plymouth Caridea. — I. The Larvae of 
the Crangonidae. II. The Larvae of the 11 ippolyti die. 

James BEOuon. 

On Fossil Fishes from the Karroo System. 


A, B. Mibiu, D.Sc., F.Z,S. 

On the Internal Anatomy of the Female Jjoc Insect, Laccifer 
laeca Ckll. (llomoptera: Coccida*). 

Nellie B. Kales, D.Sc., C.M.2.S. 

I'he Development of the Mandible in the Elephant, 


Lt.-Col. J, Stephenson, M.B,, D.Sc.. F.R.S., F.Z.S. 

Oligochmta from Burma, Kenya, and other Parts of the 
World. 


R. J. A. W. Lever. 

A New Endoskeletal Organ in the Hind Legs of the Hnlticiiiai 
(Coleopteio). 

M. K. Serebeennikov. 

On the Polychromatism and Albinism of Ihe Siberian 
Squirrels. 

Ellis Le G. Tiiouguton. 

The Occurrence of a Male and PVmale Grampus griseus 
(Delphinidae) at Sydney, New South Wales. 
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Dr. Eenst Schwarz. 

A Rdvision of the Genera and Species of Madagascar 
Lemuridce. 

J. St. Legeb. 

A Key to the Families and Genera of African Kodentia. 


The Publication Committee desire to call the attention of 
those who propose to oiier Papers to the Society, to the great 
cost of paper and printing. Papers should be condensed, and 
be limited as far as possible to the description of new results. 


Communications intended for the Scientific Meetings should 
be addressed to 


P. CHALMERS MITCHELL, 


Zoological Society of London, 
Regent’s Park, London, N. W. 8. 
October 28<7i, 1930. 


Secretary^ ZooL Sac, 





N0.8&8. 


ABSTRACT OF THE PROCEEDINGS 

OP THS 

ZOOLOGICAL SOCIETY OF LONDON.* 

Nopember 4th, 1030. 


Prof. E. W. McBride, F.R.S., Vice-Prosidont, 
in the Chair. 


Mr. Q. 0. Robson communicated a paper on ** The Natural 
History and Variation of the Pointed Snail, CochlicMa actUaj* 
by D. Aubertin, M.Sc., A. E. Ellis, B.A., and G. (1 Robson, 
M.A., F.Z,S. 

Mr. W. B. Cotton, I.C.S., F.Z.S., exhibited, and made remarks 
upon, the Ears and Molars of an African Elephant. 

The Becrstart exhibited, and made remarks upon, a series of 
photographs of Elephants taken by Mr. M. A. Wetherall in the 
Belgian Congo. 

Mr. J. R. Norkan, F.Z.S., exhibited, and made remarks upon, 
photographs of a living Shark with a Remoi'a attached. 


* Tbii Abstract is pnbHBbcd by the Society at its offices, Zoological 
Gardens, Regent's Park, N. W. 8, on Ihe Tuesday following the date of Meeting 
to whiGh it refers* It will be issued, along with the * Proceedings,' free of 

extra charge, to all P^ws who sabsciibe to the PubHoations ; but it may be 
obtained on the day of publication at tiie price of Siaepencey or, if desired, sent 
post-free for the sum of Bw &^%Uing8 per annum, payable in advance. 
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Mr. E. G« Boulbkgcb, F.Z.8.^ exhibited, and made remarks 
upon : — (I) a red variety of the Common Lobster, and (2) some 
eggs laid in the Society’s Aquarium by a Sea-snake {iMicmda 
eoluhrimy 

Mr. A. G. Lowndes, M.A., C.M.Z.S., gave a rimmi of hie 
pnper, ** On Entomostraca from the New Hebrides, collected by 
Dr. J. R. Baker.” 


Mr. B. J. Marples, B.A., communicated his paper on The 
Proportions of Birds’ Wings and their Changes during Develop* 
ment.” 

Owing to the lateness of the hour, Mr. H. W. Parker’s paper 
on “ A Collection of Frogs from Portuguese East Africa ” was 
taken as read. 


The next Meeting of the Society for Scientific Business will 
be held on Tuesday, November 18th, 1930, at 5.30 p.m,, when the 
following Communications will be made ; — 

The Skobetary. 

Report on the Additions to the Society’s Menagerie during 
the month of October, 1930. 

Prof. R. T. Leipeb, F.R.S., F.Z.S. 

Exhibition of Helminth Section in the Brain of a Man. 

Dr. F. A. Bather, P.R.S., F.Z.S. 

Resolutions on Zoological Nomenclature passed at the 
Zoological Congress at Padua, 1930. 

James Brquqh. 

On Fossil Fishes from the Karroo System. 
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Lt^»Co], J. Stisphenson, M,B. D,8c>, F.B.S., F.Z.S. 

OligochBsta from Burma, Kenya, and other Parts of the 
World. 

Ieitan Thomas, M.Sc. 

The Structure and Life-History of Sciara nitidicolUa Meig. 
(Diptera). 

Dr. A, Ganpolfi Hoknyolp, F.R.M.S., F.Z.8> 

Tlio Otoliths of some large Eels from the Lake of Tunis. 


The following Papers have been received : — 

Cyril Ckossland, M.A., D.Sc., F.Z.S . 

The reduced Building l*ower and other Variations in the 
Astrean Corals of Tahiti ; with a Note on Uerpetoliiha Umax 
and Fungia sp. 


W. B. Bristows, B.A., F.Z.S. 

(1) A Contribution to the Knowledge of the Spider Fauna 
of South-West Ireland, and in particular the Islands off the 
Coast. 

(2) The Spiders of the Island of Grassholm, and some 
Additions to the Skomer Island List. 

H . Maulik, M.A., F.R.M.S., F.E.S., F.Z.S, 

On the Larva of the Poisonous Chrysomelid Beetle of 
K’gamiland, Africa. 

A. D. Middleton . 

A Contribution to the Biology of the Common Shrew 
(Sorex aranma Linn.). 

A. B. Misba, D.Sc., F.Z.S. 

On the Internal Anatomy of the Female Lac Insect, Lacdfer 
hem Ckll. (Homoptera; Coocidfle). 
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ygLMB Ealw^ O.M.Z.S. 

The Development of the Mandible in the El^bant. 


WiLMAM J. Dakin, D.So., rJZ,S. 

The Osmotic Concentration of the Blood of Cai^r^ndltte 
fMia and Epiceratodm fcrsieri and the Significance of 
the Physico-chemical Condition of the Blood in regard to the 
Systematic Position of the Holocephali and the Dipnoi. 

The Bev. E. J. Paabob, M,A., F.E.S. 

Bepoit on the Haliplidie (Ooleoptera): Mr, Omer Cooper’s 
Investigation of the Abyssinian Fresh waters (Hugh Scott 
Expedition). 

H. 0. WiLKiB, F,B.C.V,S., F.B.M,S., F.Z.S. 

The Middle Ear of the Horse {Equtis cahallua). 


Marie V. Lbboub, D.Sc., F.Z.S . 

(1) Further Notes on Larval Brachyura. 

(2) The Larvso of the Plymouth Caridea. — I, The Larvte of 

the Crangonidsd. II, The Larvss of the Hippolytida^. 

M, K. Serebrenrikov. 

On the Polychromatism and Albinism of the Siberian 
SquiiTels. 

Ellis Lb G. Tboughtow. 

The Occurrence of a Male and Female Ovantpus qrtseus 
(Delphinidie) at Sydney, New South Wales, 

Dr. Ernst Schwarz, 

A Revision of the Genera and Species of Madegascar 
Lemund«e. 

J. St, Legeb. 

A Key to the Families and Genera of African Rodeniia. 

Frank Collins Baker, ^.Sc,, C.M.Z.S . 

The Classification of the large Planorboid Snails of Europe 
and America. 
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The Publication Oommittee desiie to call the attention of 
those who propose to offer Papers to the Society, to the great 
cost of pa^r and printing. Papers should be condensed and 
be limited so far as possible to the description of new results. 


Oommonications intended for the Scientific Meetings should 
be addressed to 


P. CHALMERS MITCHELL, 


Zoological Sociuty op London, 

Regent's Park, London, N.W. 8. 
November IKA, 1930. 


Secretary^ ZooL Soo, 



No. 829. 


ABSTUACT OF THE PBOOEE DINGS 


OF THE 


ZOOLOGICAL SOCIETY OF LONDON.* 

November 18tb, 1930. 


Sir Authuh Smith Woodward, LL.D., F.R.S., Vice-Presi(leJit, 
in the Chair. 


The Secretary read a Report on the Additions to the 
Society’s Menagerie during the month of October, 1930. 

The Secretary exhibited, and made remarks upon, a photo- 
graph of a House-Sparrow (Passer domesticm Linn.), with an 
abnormal gi'owth of beak. 


Prof. B. T. Leiper, D.Sc., M.D., F.R.S., F.Z.S., exhibited a 
series of lantern-slides illustrating Helminth infections in the 
Brain of Man. 

Dr. F, A. Bather, F.R.S., F.Z.S., gave a rbsuwe of the 
Resolutions on Zoological Nomenclature passed at the Zoological 
Congress at Padua, 1930. 

Prof, D, M. S. Watson, F.R.S., F.Z.S , communicated a paper 
by Mr. James Brough on ** Fossil Fishes from the Karroo 
System.” 


* This Abstract is published by tbe Society at its ofRces, Zoological 
Gardens, BegenVs Park, N.W. 8, on tbe Tuesday following the date of Meeting 

to which it refers. It will be issued, along with the * Proceedings,' free of 
extra charge, to all Fellows who subscribe to the Publications ; but it itiay be 
obtained on the day of publication at tlie price of Hiaepenre, or, if desired, sent 
post-free for the sum of Sise 8hiUing$ per annum, payable in advance. 
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Lt.*Oo]. SmtttirsoK^ HB., D.Be., F.2.S., gave a 

Timm of his paper on Oligoohcata from Burma, Kenya, and 
other Parts of the World,** 

In the absence of the Authors the foUowing Papers were taken 
as read:— Ibitan Thomas, M.Sc., ^<The Structure and Life** 
History of Seiara nitidieolUs Meig. (Diptera) " ; Di\ A« Qandolfi 
Hoamrou), F.B,M.S,, F,Z,S., '‘The Otoliths of some large Eels 
fiom the Lake of Tunis,** 


The next Meeting of the Society for Scientific Business will 
be held on Tuesday, February 3rd, 1930, at 6.30 p.m, 

A Notice stating the Agenda for the Meeting will be 
circulated early in January. 

The following Papers have been received • 

Oyril CnossLAyp, M.A,, D.Sc., F.Z.S. 

The reduced Building Power and the Variations in the 
Astrean Corals of Tahiti ; with a Note on Uerp^toliiha Um<m 
and Fungia sp. 

W, S. Bbistowe, B.A., F.Z,8, 

(1) A Contribution to the Knowledge of the Spider Fauna 
of South-West Ireland, and in particular the Islands 
off the Coast. 

(2) The Spiders of the Island of Orassholm, and some 
Additions to the Skomer Island List. 

S. Maulik, M.A., F,R,M.S., F.E.S., F.Z.B . 

On the Larva of the Poisonous Chrysomelid Beetle of 
N*gamiland, Africa. 

A, P, MiDPLETOy. 

A Contribution to the Biology of the Common Shrew 
{Soi*$x araneua Linn.). 
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A. B. MmA, D.8e>, F.Z.S. 

On the Internal Anatomy of the Female Lao Insect, Ladfti 
laeca Okll. (Homoptera : Ooccid»). 

NbiiLib B. Eali», D.8c„ O.M.Z.S, 

The Development of the Mandible in the Elephant. 

WiIiLUM J. Dakib, D.Sc., P.Z.S. 

The Osmotic Concentration of the Blood of CaUorhynchua 
miUia and Epkeratodua forateri and the Significance of the 
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